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Intrauterine life and early infancy are critical 
time increasing risk of childhood asthma. 
This retrospective study investigated prenatal 
factors affecting the risk and clarified the 
contribution of maternal health matters 
and socioeconomic (SES) factors in relation 
to childhood asthma. The results provided 
evidence of the increased asthma risk among 
children of mothers with decreased fecundity. 
Both pre- and early-term delivery and 
parental smoking similarly increased the 
childhood asthma risk; maternal SES had no 
such effect.
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ABSTRACT 
 
Asthma   affects   5–7%  of   children   in   Finland   and   is   the  most   prevalent   chronic   disease   in  
childhood.   Both   genetic   and   environmental   factors   have   effects   in   its   development.  
Intrauterine   life   and  early   infancy  are   suggested   to  be   critical   time  periods  when   specific  
events  and  exposures  may  affect  prenatal  programming,  induce  immunologic  changes  and  
alter   immune   development.   Maternal   lifestyle   habits,   such   as   smoking,   as   well   as  
pregnancy   and   delivery   factors   such   as   preterm   birth   may   affect   the   risk   of   the  
development  of  asthma  up  to  adulthood.  
        The  aim  of  this  study  was  to  identify  more  precisely  prenatal  factors  affecting  the  risk  of  
asthma   in   offspring   and   to   clarify   the   contribution   of   maternal   health   matters   and  
socioeconomic   factors   in   relation   to  childhood  asthma.  The  study  population  consisted  of  
all   44  173   women   who   delivered   at   Kuopio   University   Hospital   in   1989–2008,   and   their  
offspring,  of  whom  2661  (6.0%)  had  asthma  before  adulthood.  We  evaluated  the  association  
between   several   factors   (maternal   fecundity   and   infertility   treatments,   socioeconomic  
status,  parental  smoking  and  preterm  delivery)  and  asthma  among  offspring.  
   The   risk   of   asthma  was   significantly   increased   if   the  mother   had   reported   any   earlier  
infertility   problems   (aOR   1.4;   CI   1.2–1.6)   and   it   was   also   higher   among   the   offspring   of  
mothers   having   infertility   treatments   (aOR   1.5;   CI   1.3–1.8)   compared   with   children   of  
mothers   without   such   problems.   Earlier   recurrent   miscarriages   and   prolonged   time   to  
index  pregnancy  increased  the  risk  of  asthma  among  offspring.  
Delivery   before   32  weeks   of   gestation   increased   the   risk   of   asthma   fourfold   and   the   risk  
remained  high  among  children  born  early  term  (37–38  weeks  of  gestation;  aOR  1.2;  CI  1.1–
1.4)  compared  to  term.  Prenatal  parental  smoking  (both  parents)  elevated  the  risk  of  asthma  
almost   fourfold   (aOR  3.7;  CI  3.2–4.4)  and  risk   remained  high  with  only  paternal   smoking  
(aOR   2.9;   CI   2.0–2.6)   compared   to   non-­‐‑smoking.   Parental   cessation   of   smoking   during  
pregnancy  seemed  to  reduce  the  risk  of  asthma  in  offspring.  Low  maternal  socioeconomic  
status  did  not  increase  the  prevalence  of  asthma,  but  a  protective  effect  against  asthma  was  
seen  among  families  with  entrepreneurs,  consisting  mostly  of  agricultural  producers.  
   In   conclusion,   the   results   showed   that   maternal   preconception   health   and   lifestyle  
factors,   and   pregnancy-­‐‑related   factors   have   an   impact   on   the   long-­‐‑term   development   of  
asthma   in   offspring.   The   results   provide   some   evidence   that   fecundity   factors   might  
increase   the   incidence  of  asthma  among  offspring,   and  both  pre-­‐‑  and  early-­‐‑term  delivery  
(even   at   38   gestational   weeks)   considerably   increases   the   risk   of   asthma,   especially   in  
families   with   the   condition.   Furthermore,   both   parents   should   be   encouraged   and  
supported   in   quitting   smoking,   since   its   influence   on   child   health   is   substantial.   Finnish  
public  health  services  seem  to  offer  equal-­‐‑quality  services  independently  of  maternal  SES,  
since  the  prevalence  of  asthma  was  not  higher  in  relation  to  lower  SES,  as  reported  in  other  
countries.  
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TIIVISTELMÄ 
 
Suomessa  5-­‐‑7  %  lapsista  sairastaa  astmaa  ja  se  on  yleisin  lasten  pitkäaikaissairaus.  Astmaan  
sairastumiseen   vaikuttavat   sekä   perintö-­‐‑   että   ympäristötekijät.   Sekä   raskaudenaikaiset  
altisteet   että   varhaislapsuuden   tapahtumat   voivat   aiheuttaa   immunologisia  muutoksia   ja  
vaikuttaa   yksilön   immunologiseen   kehitykseen.   Äidin   raskaudenaikaisten   elintapojen,  
kuten   tupakoinnin,   sekä   synnytyksenaikaisten   tekijöiden,   kuten   ennenaikaisen  
synnytyksen   on   todettu   olevan   merkittäviä   riskitekijöitä   lasten   astman   synnyssä   aina  
aikuisikään  asti.    
        Tämän   työn   tarkoituksena   oli   selvittää   raskaudenaikaisten   tekijöiden   (mm.   äidin  
elintavat   ja   sosioekonominen   asema)   vaikutusta   lapsen   riskiin   sairastua   astmaan.  
Tutkimusaineisto   koostui   1989-­‐‑   2008   Kuopion   Yliopistollisessa   sairaalassa   synnyttäneistä  
44  173   äidistä   ja   heidän   lapsistaan,   joista   2661   (6  %)   sairastui   astmaan   ennen   aikuisikää.  
Tutkimuksessa   selvitimme   äidin   hedelmällisyyden   ja   hedelmöityshoitojen,  
sosioekonomisen  luokan,  vanhempien  tupakoinnin  ja  ennenaikaisen  synnytyksen  yhteyttä  
lapsen  riskiin  sairastua  astmaan.    
   Äidin   aiemmat   lapsettomuusongelmat   ja–hoidot   lisäsivät   merkitsevästi   lapsen   riskiä  
sairastua   astmaan   (aOR   1.4;   CI   1.2-­‐‑1.6   ja   aOR   1.5;   CI   1.3-­‐‑1.8)   verrattuna   lapsiin,   joiden  
äideillä   ei   ollut   vastaavia   ongelmia.   Äidin   aiemmat   toistuvat   keskenmenot   ja   pitkittynyt  
raskauden   viive   ennen   kyseistä   raskautta   lisäsivät   myös   lapsen   riskiä   sairastua   astmaan  
spontaanisti  alkaneissa  raskauksissa.    
   Alle  32.   raskausviikolla   syntyneillä   lapsilla  oli  nelinkertainen  riski   sairastua  astmaan   ja  
lisääntynyt  riski  todettiin  myös  täysiaikaisissa,  ennen  39.  raskausviikkoa  syntyneillä  lapsilla  
(aOR  1.2;  CI  1.1-­‐‑1.4)  verrattuna  täysiaikaisina  syntyneisiin.  Vanhempien  raskaudenaikainen  
tupakointi   lähes   nelinkertaisti   lapsen   sairastumisriskin   (aOR   3.7;   CI   3.2-­‐‑4.4).   Isän  
raskaudenaikaisen  tupakoinnin  merkitys  lapsen  sairastumisriskiin  korostui,  sillä  perheissä,  
joissa   vain   isä   tupakoi   raskausaikana,   lapsen   sairastumisriski   oli   lähes   kolminkertainen  
(aOR   2.9;   CI   2.0-­‐‑2.6)   verrattuna   tupakoimattomiin   vanhempiin.   Vanhempien  
raskaudenaikainen   tupakoinnin   lopettaminen   vähensi   lapsen   riskiä   sairastua   astmaan.  
Äidin  matala  sosioekonominen  luokka  ei  lisännyt  lapsen  astmaan  sairastumisriskiä,  mutta  
syntyminen   yrittäjäperheeseen,   jotka   olivat   suurelta   osin   maanviljelijöitä,   oli   yhteydessä  
pienempään  sairastuvuuteen.  
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1  Introduction
Asthma  and  allergic  diseases  are  the  most  common  chronic  diseases  in  childhood, affecting
nearly  10%  of  children  worldwide.   Their prevalence has  been  increasing in  recent  decades  
in  several  Western  countries (Subbarao  et  al.  2009,  Asher  2010),  including  Finland (Latvala  
et  al.  2005).  Part  of  the  increase might  be  a  result  of awareness  of  symptoms  and  increased  
rates  of  reporting (Algert  et  al.  2011),  but  it  cannot  be explained  only  on  the  basis  of  better
knowledge  of  diagnosis. Both  genetic  and  environmental  factors  play  an important role  in
the  development  of  asthma (Subbarao  et  al.  2009,  Rehan  et  al.  2012).
Pre-­‐‑ and   postnatal   factors   may   play an   important   role   in the   development   of   asthma  
(Asher  2010,  Kozyrskyj  et  al.  2011,  Peters  et  al.  2013). According  to  Barker’s hypothesis (de  
Boo,   Harding   2006,   Barker   et   al.   2013),   the   period   of   pregnancy   and   the   intrauterine  
environment  might alter  fetal  development, with  persistent  effects  on  lifetime  health. Early  
epigenetic   programming   may already   occur   in   utero,   where   various   forms   of   prenatal  
exposure   such   as   maternal   smoking,   stress   and   anxiety,   infections,   and   infertility  
treatments, and   fetal   growth   may have   an   influence   on   the development   of   the   fetal  
immune   system   (Kozyrskyj   et   al.   2011,  Algert   et   al. 2011,  Tedner   et   al.   2012,  Peters   et   al.  
2013).   Furthermore,   factors   related   to   delivery   and   the   neonatal   period,   such   as
prematurity,  birth  mode  and  early-­‐‑life  infections,  may  influence  the  development  of  asthma  
in  offspring (Subbarao   et   al.   2009,  Algert   et   al.   2011,  Kozyrskyj   et   al.   2011,  Neu,  Rushing  
2011).   In   addition,   parental   history of   asthma,   male   sex   and   exposure   to   environmental  
tobacco  smoke  are all  well-­‐‑known  risk  factors  of asthma  in  offspring (Asher  2010,  Algert  et  
al.   2011,   Kozyrskyj   et   al.   2011).   Most of   these   perinatal   factors   are   linked   to   parental  
socioeconomic  status  (SES)  and  thus  socioeconomic  disparities  may influence the  burden  of  
asthma via  indirect  pathways.
The present   study was   aimed at identifying possible   perinatal   risk   factors   affecting   the  
burden  of  asthma during  childhood. We  conducted an  observational   register   study  using  
Kuopio   University   Hospital   birth   register   data   on   45   030 women   and   their   live-­‐‑born  
children   born during 1989–2008   to   examine   the   associations between  maternal   fecundity
and  SES, gestational  age  at  birth  and  parental  smoking, and the  risk  of  asthma  in childhood.
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prematurity,  birth  mode  and  early-­‐‑life  infections,  may  influence  the  development  of  asthma  
in  offspring   (Subbarao   et   al.   2009,  Algert   et   al.   2011,  Kozyrskyj   et   al.   2011,  Neu,  Rushing  
2011).   In   addition,   parental   history   of   asthma,   male   sex   and   exposure   to   environmental  
tobacco  smoke  are  all  well-­‐‑known  risk  factors  of  asthma  in  offspring  (Asher  2010,  Algert  et  
al.   2011,   Kozyrskyj   et   al.   2011).   Most   of   these   perinatal   factors   are   linked   to   parental  
socioeconomic  status  (SES)  and  thus  socioeconomic  disparities  may  influence  the  burden  of  
asthma  via  indirect  pathways.  
      The  present   study  was   aimed   at   identifying  possible   perinatal   risk   factors   affecting   the  
burden  of  asthma  during  childhood.  We  conducted  an  observational   register   study  using  
Kuopio   University   Hospital   birth   register   data   on   45   030   women   and   their      live-­‐‑born  
children   born   during   1989–2008   to   examine   the   associations   between  maternal   fecundity  
and  SES,  gestational  age  at  birth  and  parental  smoking,  and  the  risk  of  asthma  in  childhood.  
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2.1 CHILDHOOD ASTHMA
2.1.1  Definition  and  classification  of  pediatric  asthma  
The   definition   and   diagnosis   of   childhood   asthma   is   challenging,   since it   has several
manifestations and   disease   courses and   symptoms   may   vary   depending   on   age   and   apparent  
triggers.   According   to   international   guidelines,   asthma   is   defined   as   a chronic   inflammatory  
disorder  associated  with  variable  airflow  obstruction,  which  reverses either  spontaneously  or  after  
use  of  medication.   It   is  usually  associated  with  bronchial  hyper-­‐‑responsiveness  and  evidence  of  
chronic   airway   inflammation.  Recurrent  wheeze,   cough,   shortness  of   breath   and   chest   tightness  
are  the  most  common symptoms  and  signs  of  asthma (Papadopoulos  et  al.  2012,  Martinez,  Vercelli  
2013).  However,  not  all  children  who  wheeze  early  in  life  will  have  asthma  later  on (Szefler  et  al.  
2014).
Since  the  definition,  diagnosis  and  management  of  pediatric  asthma is challenging as  a  result  of
the   lack   of   uniform   diagnostic   criteria, the   International   Study   of   Asthma   and   Allergies   in  
Childhood  (ISAAC)  was  set  up  in  1991.  The  purpose  of   the study  was  to  maximize the  value  of  
epidemiological   research   worldwide   in   pediatric   asthma   and   allergic   diseases   and   to   establish  
standardized  methodology for  research (Asher,  Weiland  1998,  Patel  et  al.  2008). Since  then,  several  
guidelines  have  been  set  up  to  promote  uniform  diagnosis  and  management of  childhood  asthma.
The  Global  Initiative  for  Asthma  (GINA)  was  launched in  1995 (Bousquet  et  al.  2007) and  similar  
guidelines   were   established   in   Finland in   1994,   when the   National   Asthma   Program was  
established (GINA  report   2014). In  2002,   the Childhood  Asthma  mini-­‐‑program  was   launched to  
cover   more   sufficiently   specific   problems   related   to   pediatric   asthma. In   addition, in   2012, the  
International  Collaboration  of  Asthma,  Allergy  and  Immunology  (iCAALL),  consisting  of  several  
societies,  complied  an International  Consensus  (ICON)  on  Pediatric  Asthma and the  purpose  was  
to highlight   the   key  messages that   are   common   to  many of   the   existing   guidelines,   to   critically  
review  and  comment  on  any  differences  and  thus provide  concise  reference material  on pediatric  
asthma   (Papadopoulos   et   al.   2012).   These   guidelines   are now in  use   in   Finland (Haahtela   et   al.  
2013,  Papadopoulos  et  al.  2012).
According   to international   consensus  guidelines   (GINA  and   ICON reports), pediatric asthma  
can  be  classified  into  different phenotypes,  where classification  may  be  dependent on  the  age of  
the  children or on  the  apparent  trigger,  such  as  viruses,  exercise  or  allergens.  Besides this,  some  
authors  classify asthma according   to   the  nature  of   the  specific   type  of  airway   inflammation, but  
the   traditionally   and  most   frequently  used   classification   is   to  define   asthma  as non-­‐‑allergic   and  
allergic   types (Maslan,   Mims   2014).   Furthermore, classifying   asthma   according   to   severity or  
control   of   the   disease gives   guidance   to   its   treatment   (Papadopoulos   et   al.   2012).   However,  
according  to  recent  guidelines,  asthma is  no  longer  considered  as  a  single  disease  depending  on  
single  factor,  but  rather  as  a  series  of  complex,  overlapping  individual  phenotypes  (Papadopoulos  
et  al.  2012,  Cottini,  Asero  2013,  GINA  report  2014).  Such  differences  in  classification  are  thought  to  
improve   recognition   and   understanding   of   the   underlying   genetic   basis   and   pathophysiologic  
mechanisms,  and, further, the  response  to  treatment  (Cottini,  Asero  2013).
2.1.2 Epidemiology of  childhood  asthma
In  Finland, asthma  is  one  of  the  most  common  chronic  diseases in  children  and  a  significant  cause  
of  hospitalization (Säynäjäkangas  et  al.  2007).  During  the past  few  decades, the  overall  incidence
of   asthma   has   increased from   6% to 9.4%   (Haahtela   et   al.   2013), but   the   burden   of   asthma   has  
considerably  decreased,  since  the  number  of  hospital  days  has  fallen  and  the  increase  in  the  cost  of  
asthma  has   ended (Haahtela   et   al.   2006). The   number   of   children with   asthma   and   asthma-­‐‑like  
symptoms   has increased, especially   in younger   age   groups,   but   the   need   for   hospitalization  
because   of asthma   attacks   has   declined   in   recent   years   in   all   age   and   both   sex   groups.   Young  
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asthmatic  boys  are  still  the  main  users  of  hospital  facilities  in  Finland  (Säynäjäkangas  et  al.  2007).  
Even  though  the  incidence  of  asthma  has  increased,  the  number  of  children  with  reimbursements  
for   asthma   medication   has   dropped   by   about   30%   during   the   last   ten   years   according   to   the  
registers   of   the   Social   Insurance   Institution   of   Finland   (KELA)   and   this   is   thought   to   be  due   to  
more  precise  diagnosis  of  asthma  (KELA  2014).  The  reduction  of  annual  new  cases  of  asthma  was  
most  prevalent  among  very  young  children  (0–4  years  of  age)  (Haahtela  et  al.  2008,  Haahtela  et  al.  
2013).    
        Epidemiological   research   has   the   potential   to   add   to   understanding   of   diseases,   but  
standardization  in  case  definition  and  methodology  of  study  designs  are  essential   in  spatial  and  
temporal  comparison  of  the  prevalence  of  a  disease.  According  to  leading  epidemiologists,  up  to  
now,   two   different   studies,   ISAAC   and   The   European   Community   Respiratory   Health   Survey  
(ERCHS)  have  had  appropriate  study  designs  and  validated   instruments   to  compare  prevalence  
and  time  trends  of  asthma  and  allergies  in  Eastern  and  Western  European  countries  among  both  
children  and  adults  (Anandan  et  al.  2010).  
        Globally,   asthma   is   the  most   common  chronic  disease  among  children  and   its  prevalence  has  
increased  very  considerably   in  recent  decades,  being  highest   in  Western  countries  and  lowest   in  
Asian  ones   (Subbarao  et  al.   2009,  Anandan  et  al.   2010,  Algert  et  al.   2011,  Bijanzadeh  et  al.   2011,  
Papadopoulos   et   al.   2012).   According   to   ISAAC   reports	   (comprising   phases   I–III   conducted   at  
intervals  between  1992  and  2003),  large  variations  of  asthma  prevalence  have  been  observed  even  
among  genetically  similar  populations  around  the  world  (Asher  M.I.  1998,  Asher  2010)  (Table  1).  
Between   Phases   I   and   III,   the   global   prevalence   of   asthmatic   symptoms   increased   in   low-­‐‑
prevalence  countries  and  a  plateau  or  even  a  decreased  prevalence  was  seen   in  high-­‐‑prevalence  
countries.  Such  a  trend  was  especially  notable  in  English-­‐‑speaking  countries  (Anandan  et  al.  2010,  
Asher   2010).   Nowadays   asthma   affects   5–16%   of   all   people  worldwide.   According   to   a   review  
article   by   Anandan   and   associates   (2010)   the   highest   prevalence   is   recorded   in   the   United  
Kingdom  and  Australasia  and,   in   contrast,   the   lowest  prevalence   in   Indonesia,  Nepal  and   India  
(Table  1)   (Anandan  et  al.  2010,  Martinez,  Vercelli  2013).   In   two  comprehensive  review  articles   it  
was  concluded   that  changes   in   the  environment  and   in   the  standard  of   living  between  different  
countries  play  an  important  role  in  geographic  variations  and  changes  in  the  prevalence  of  asthma  
globally   (Patel   et  al.   2008,  Anandan  et  al.   2010).   In  addition,  part  of   the   increased  prevalence  of  
asthma  may  be  a   result  of  awareness  of   the  symptoms  and  easier  possibilities   to   report  disease.  
The   global   prevalence   of   asthma   is   still   difficult   to   define   because   of   an   absence   of   definitive  
diagnostic  tests,  and  differences  in  the  classification  of  the  disease  (Patel  et  al.  2008,  Anandan  et  al.  
2010).  
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Table 1.The prevalence of childhood asthma according to studies in which ISAAC questionnaires have
been used (Anandan et al. 2010).
Study Where Age Measure
Prevalence 
in 1995
Prevalence 
in 2002 Conclusion
Europe
Anderson et al.
(2004) UK 12 - 14 years ISAAC 20.6 % 25.9 % ↑
Shamssain (2007) NE England 6- to 7- years
Two cross-
sectional
surveys
Girls 15.4 
% 23.3 %
Boys 21.0 
% 27.5 %
13- to 14-
years
Girls 21.8 
% 21.4 %
Boys 18.0 
% 23.2 % ↑
Bjerk-Backlund 
(2006) Sweden 7 - 8 years ISAAC 5.7 % 7.7 % ↑
Galassi (2006) Italy 6-7 years ISAAC 9.1 % 9.5 %
13 -14 years ISAAC 9.1 % 10.4 % ↑
Asia and Middle
East
Wang et al. (2004) Singapore 6 - 7 years ISAAC 16.6 % 10.2 % ↓
12 - 15 years ISAAC 9.9 % 11.9 % ↑
Lee et al. (2007) Taiwan 12 - 15 years ISAAC 4.5 % 6.0 % ↑
South America
Sole et al. (2007) Brazil 13 - 14 years ISAAC 27.7 % 19.9 % ↓
Australasia 3 cross-
sectio-nal 
surveysToelle et al. (2004) Australia 8 - 11 years 38.3 % 31.0 % ↓
Africa
Zar et al. (2007) South Africa 13 - 14 years ISAAC 13.1 % 14.4 % ↑
↑ Asthma prevalence is increasing
↓ Asthma prevalence is decreasing
2.1.3  Genetics and  epigenetics  of  asthma
The  major  challenge  in  asthma  research  during  the  last  40  years has been  to  identify  specific  genes  
and   their   variations which   are   related   to   the   development   of   the   disease.   Genetics   has an  
important  role  in  the  development  of  allergy  and  asthma, and, further,   it   is estimated  to  explain  
up  to  34%  of  the  age  variation  in  the  onset  of  asthma  (Dijk  et  al.  2013), and  heritability  of  asthma  is  
estimated  to  vary  between  35%  and  95%  (Ober,  Yao  2011). Several  genes  are  associated  with  the  
development  of  asthma, although  there  is  not  a specific  one that  could explain  most  asthma  cases.
In   general,   asthma   susceptibility   genes   are   classified   into   groups,   where genes   regulate   (1)  
innate   immunity and   immunoregulation,   (2)   are   associated  with  Th2   cell   differentiation,   (3)   are  
associated   with   mucosal   immunity   and   epithelial   biology   and   (4)   are linked   to   lung   function,  
airway  remodeling  and  severity  of   the  disease   (Vercelli  2008,  Holloway  et  al.  2010b,  Mukherjee,  
Zhang  2011).  Recent  studies  have  yielded  new  important  and  interesting  insights  on  the  possible  
mechanisms  involved  in  the  pathogenesis  of  asthma  and  gene–environment  interactions.  Genome-­‐‑
wide  association (GWA)  studies  have  revealed 18  genomic  regions  and  over  100  genes  associated  
with   asthma   and   allergy.   In   particular,   evidence   of   asthma-­‐‑related   loci   has been   reported   in   at  
least   eight chromosomes.   Locus   17q21 was   recently   identified   to   be   strongly   associated   with  
childhood-­‐‑onset   asthma  and   to  be   specific   to  wheezing  phenotypes   (Subbarao  et   al.   2009,  Ober,  
Yao  2011,  Martinez,  Vercelli  2013,  Mantzouranis  et  al.  2014) but not  to adult-­‐‑onset  asthma (Dijk  et  
al.  2013).
In   a   recent   study   Thompson   and   associates suggested for   the   first   time   that   maternal  
microchimerism (i.e.  the  presence  of  maternal  cells  in  a fetus  or  child) might  be  protective against  
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countries.  Such  a  trend  was  especially notable in English-­‐‑speaking countries (Anandan  et  al.  2010,  
Asher   2010).   Nowadays   asthma   affects   5–16%   of   all   people  worldwide.   According   to   a   review  
article   by Anandan   and   associates   (2010) the   highest   prevalence   is   recorded   in   the   United  
Kingdom  and  Australasia and, in  contrast,   the   lowest prevalence in   Indonesia, Nepal  and   India  
(Table  1) (Anandan  et  al.  2010,  Martinez,  Vercelli  2013).   In   two  comprehensive  review  articles   it  
was  concluded   that  changes   in   the  environment  and   in   the  standard  of   living  between  different  
countries  play  an  important  role  in  geographic  variations  and  changes  in  the  prevalence  of  asthma  
globally (Patel   et  al.   2008,  Anandan  et  al.   2010).   In  addition,  part  of the   increased  prevalence  of  
asthma may be  a   result  of awareness  of   the  symptoms  and  easier  possibilities   to   report  disease.  
The   global   prevalence   of   asthma   is still   difficult   to   define because   of   an absence   of   definitive  
diagnostic  tests, and  differences  in  the classification  of  the  disease  (Patel  et  al.  2008,  Anandan  et  al.  
2010).
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Table 1.The prevalence of childhood asthma according to studies in which ISAAC questionnaires have 
been used (Anandan et al. 2010). 
Study Where Age Measure 
Prevalence 
in 1995 
Prevalence 
in 2002 Conclusion 
Europe 
Anderson et al. 
(2004) UK 12 - 14 years ISAAC 20.6 % 25.9 % ↑ 
Shamssain (2007) NE England 6- to 7- years 
Two cross-
sectional 
surveys 
Girls 15.4 
% 23.3 % 
 
Boys 21.0 
% 27.5 % 
13- to 14-
years
Girls 21.8 
% 21.4 % 
Boys 18.0 
% 23.2 % ↑ 
Bjerk-Backlund 
(2006) Sweden 7 - 8 years ISAAC 5.7 % 7.7 % ↑ 
Galassi (2006) Italy 6-7 years ISAAC 9.1 % 9.5 % 
 
13 -14 years ISAAC 9.1 % 10.4 % ↑ 
Asia and Middle 
East 
Wang et al. (2004) Singapore 6 - 7 years ISAAC 16.6 % 10.2 % ↓ 
12 - 15 years ISAAC 9.9 % 11.9 % ↑ 
Lee et al. (2007) Taiwan 12 - 15 years ISAAC 4.5 % 6.0 % ↑ 
South America 
Sole et al. (2007) Brazil 13 - 14 years ISAAC 27.7 % 19.9 % ↓ 
Australasia 3 cross-
sectio-nal 
surveys Toelle et al. (2004) Australia 8 - 11 years 38.3 % 31.0 % ↓ 
Africa 
Zar et al. (2007) South Africa 13 - 14 years ISAAC 13.1 % 14.4 % ↑ 
↑  Asthma prevalence is increasing 
↓  Asthma prevalence is decreasing 
2.1.3  Genetics  and  epigenetics  of  asthma  
The  major  challenge  in  asthma  research  during  the  last  40  years  has  been  to  identify  specific  genes  
and   their   variations   which   are   related   to   the   development   of   the   disease.   Genetics   has   an  
important  role  in  the  development  of  allergy  and  asthma,  and,  further,   it   is  estimated  to  explain  
up  to  34%  of  the  age  variation  in  the  onset  of  asthma  (Dijk  et  al.  2013),  and  heritability  of  asthma  is  
estimated  to  vary  between  35%  and  95%  (Ober,  Yao  2011).  Several  genes  are  associated  with  the  
development  of  asthma,  although  there  is  not  a  specific  one  that  could  explain  most  asthma  cases.  
          In   general,   asthma   susceptibility   genes   are   classified   into   groups,   where   genes   regulate   (1)  
innate   immunity   and   immunoregulation,   (2)   are   associated  with  Th2   cell   differentiation,   (3)   are  
associated   with   mucosal   immunity   and   epithelial   biology   and   (4)   are   linked   to   lung   function,  
airway  remodeling  and  severity  of   the  disease   (Vercelli  2008,  Holloway  et  al.  2010b,  Mukherjee,  
Zhang  2011).  Recent  studies  have  yielded  new  important  and  interesting  insights  on  the  possible  
mechanisms  involved  in  the  pathogenesis  of  asthma  and  gene–environment  interactions.  Genome-­‐‑
wide  association  (GWA)  studies  have  revealed  18  genomic  regions  and  over  100  genes  associated  
with   asthma   and   allergy.   In   particular,   evidence   of   asthma-­‐‑related   loci   has   been   reported   in   at  
least   eight   chromosomes.   Locus   17q21   was   recently   identified   to   be   strongly   associated   with  
childhood-­‐‑onset   asthma  and   to  be   specific   to  wheezing  phenotypes   (Subbarao  et   al.   2009,  Ober,  
Yao  2011,  Martinez,  Vercelli  2013,  Mantzouranis  et  al.  2014)  but  not  to  adult-­‐‑onset  asthma  (Dijk  et  
al.  2013).  
   In   a   recent   study   Thompson   and   associates   suggested   for   the   first   time   that   maternal  
microchimerism  (i.e.  the  presence  of  maternal  cells  in  a  fetus  or  child)  might  be  protective  against  
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the  development  of  asthma  (Thompson  et  al.  2013).  They  hypothesized  that  some  of  the  observed  
risks  of  asthma  might  be  because  of  different  rates  of  transmission  or  persistence  of  maternal  cells  
in  children  of  asthmatic  mothers  versus  non-­‐‑asthmatic  mothers,  or  sons  compared  with  daughters  
(Thompson   et   al.   2013).   The   biological   role   of   such   trafficking   is   controversial,   since   evidence  
supports   both   beneficial   and   harmful   effects   in   the   host.   In   a   review,   Jeanty   and   associates  
reported   that   maternal-­‐‑fetal   microchimerism   could   prime   development   of   the   fetal   immune  
system;  maternal  cells  might  induce  tolerance  mechanisms  and  fetal  T-­‐‑cell  acceptance  of  maternal  
antigens  by  inducing  the  development  of  fetal  regulatory  cells  (Jeanty  et  al.  2014).  Harmful  effects  
of   microchimerism   on   pregnancy   outcome   have   also   been   presented,   since   altered  
microchimerism  has  been  associated  with  pregnancy  complications  such  as  preeclampsia,  preterm  
labor,  intrauterine  growth  restriction  and  pregnancy  termination  (Thompson  et  al.  2013,  Jeanty  et  
al.  2014).    
        Several  forms  of  maternal  exposure  and  early-­‐‑life  factors  seem  to  have  the  capacity  to  activate  or  
silence  fetal  genes  through  alterations  in  DNA  methylation.  These  factors  might  act  via  epigenetic  
pathways   and   thus   cause   heritable   changes   in   gene   expression   or   cellular   phenotypes  without  
altering   the   nucleotide   sequence   (Prescott,   Clifton   2009,  Ober,   Yao   2011,   Kabesch   2014).   Li   and  
associates   published   one   of   the   best   examples   of   an   epigenetic   effect   in   asthma,   since   they  
observed   that  grand  maternal   smoking  during   the  mother’s   fetal  period  was  associated  with  an  
increased  risk  of  asthma  in  her  grandchild  (Li  et  al.  2005).    
   Maternal  asthma  and  child’s  male  sex  are  the  most  significant  risk  factors  as  regards  childhood  
asthma.  The   incidence  and  severity  of  asthma  are  greater  among  boys  until   late   school-­‐‑age,  but  
after   puberty   asthmatic   children   are   more   often   girls   (Ober   2005,   Subbarao   et   al.   2009,  
Mantzouranis  et  al.  2014).  Moreover,  the  association  between  child’s  gender  and  asthma  appears  
to  be  stronger  among  non-­‐‑atopic  asthmatics  than  among  atopics  (Pekkanen  et  al.  2012).  A  strong  
relationship  has  been  observed  between  asthma,  allergic  rhinitis  and  atopic  dermatitis,  since  30%  
of   children  with   atopic   dermatitis   and   food   allergy   during   infancy   develop   asthma   (Ober,   Yao  
2011).  
2.1.4  Asthma  pathophysiology  
2.1.4.1  Short-­‐‑term  changes  in  asthma  
The   key   features   of   asthma   pathophysiology   are   chronic   airway   inflammation,   airway   hyper-­‐‑
responsiveness  and  airway  remodeling,  which  are  considered  to  be  due  to  interaction  between  the  
host’s  genetics  and  environment  (Papadopoulos  et  al.  2012,  Martinez,  Vercelli  2013,  Mantzouranis  
et  al.  2014).  The  inflammation  in  airways  is  mediated  by  multiple  cell  types  including  eosinophils,  
mast-­‐‑cells,   T   lymphocytes,  macrophages   and   neutrophils.   Furthermore,   structural   cells,   such   as  
epithelial   and   smooth  muscle   cells,   contribute   to   the   inflammatory  milieu.   These   inflammatory  
and  structural  cells  produce  mediators  such  as  chemokines  and  cytokines  secreted  by  infiltrating  
T-­‐‑helper   cells,   thus   creating  a  predominantly  Th2  milieu   (cytokines   IL-­‐‑4,   IL-­‐‑5,   IL-­‐‑13).  Cytokines  
also   stimulate   mast   cells,   cause   eosinophilia,   promote   leukocytosis   and   enhance   B-­‐‑cell   IgE  
production.  Consequently,  all   these  mediators   intensify  the  inflammatory  response  and  promote  
airway   narrowing   and   hyper-­‐‑responsiveness,   causing   smooth   muscle   contraction.   The   most  
common  factors  causing  such  airway  responses  are  viral  infections,  nonspecific  irritants  or  specific  
allergens.  In  acute  episodes  of  asthma,  airway  narrowing  is  initiated  by  a  combination  of  edema,  
infiltration  of  inflammatory  cells,  mucus  hypersecretion,  smooth  muscle  contraction  and  epithelial  
desquamation.   Neural   mechanisms   are   also   activated   by   inflammation,   causing   release   of  
tachykinins   and   substance   P,   thus   contributing   to   hyper-­‐‑responsiveness.   Although   all   of   these  
changes  are  reversible  and  episodic,  permanent  and  long-­‐‑term  airway  changes  might  occur  (Joos  
2001,  Papadopoulos  et  al.  2012,  Martinez,  Vercelli  2013,  Maslan,  Mims  2014).    
2.1.4.2  Long-­‐‑term  changes  in  asthma  
Long-­‐‑term   changes   develop   in   asthmatic   lungs   gradually.   Airway   remodeling   is   presumed   to  
result  from  persistent  airflow  limitation  and  increased  hyper-­‐‑responsiveness  (Szefler  et  al.  2014).  It  
is  unclear  what  the  degree  and  duration  of  airway  inflammation  must  be  to  induce  progression  of  
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airway  remodeling. Such  changes  include epithelial  cell  injury,  sub-­‐‑epithelial layer  thickening  and  
fibrosis.  Further,  smooth  muscle  mass   increases through hypertrophy, hyperplasia, angiogenesis
and   increased mucus  production,   and also   by  way   of   gland  hyperplasia (Hogg   1993,  Martinez,  
Vercelli  2013,  Maslan,  Mims  2014). Recent  studies  have  shown that  reticular  basement  membrane  
thickening  appears  to  occur  early  in  life  among  children  with  severe  asthma, even  in  the  absence  
of   eosinophils   or   neutrophils.   Furthermore, smooth   muscle   thickening   is   likely   to   occur much  
earlier   than   previously   thought, suggesting   that   some   pathologic   changes   might   already   be  
present  early  in  life, regardless of  asthma  severity  (Martinez,  Vercelli  2013,  Szefler  et  al.  2014).
Chronic   airflow   limitation is   the   strongest   predictor   of   severe   and   long-­‐‑lasting   symptoms.
Results   concerning   airway   remodeling   are   derived   mostly   from   adult   studies   and   thus   these  
cannot  be  applied  directly  to  children.  However,  Morgan  and  associates  showed  in  a  longitudinal  
study that  many  children  with  asthma  at  the  age  of  three  years or  younger  had permanent  airway  
changes  by  the  age  of  six  (Morgan  et  al.  2004).  
2.1.4.3 Virus infections
Wheezing  is  a  symptom  of  the lower  respiratory  tract  and  approximately  90%  of  cases  are  caused  
by  various  viral  respiratory  infections. The  most  common  viruses  in children under  three  years  of  
age are   respiratory   syncytial   virus   (RSV),   rhinovirus   (HRV),   influenza   virus   and  
metapneumovirus  (Inoue,  Shimojo  2013,  Szefler  et  al.  2014).  Evidence  for  early-­‐‑life  infections  as  a
modifier  of  allergic  disease  is inconsistent.  It  is  unclear  whether  lower  respiratory  viral  infections  
are   causal   factors   or   possibly   serve   as   indicators   of   a   predisposition   to   asthma   and   recurrent  
wheezing,   since  half  of  preschool  wheezers  become  asymptomatic  by  school  age, irrespective  of  
treatment  (Inoue,  Shimojo  2013,  Martinez,  Vercelli  2013,  Szefler  et  al.  2014). However,  studies  have  
shown  that  HRV-­‐‑induced  wheezing  and  bronchiolitis  are strong  risk  factors of  persistent  asthma,
especially  among  high-­‐‑risk  children (history  of  atopy  and allergens) (Korppi  et  al.  2012), and in  a  
recent  article  it  was  concluded  that  hospitalization due  to  HRV  before  two years  of age  increases  
the   risk   of   asthma   fourfold compared   with those   with   other lower   respiratory   tract illnesses
(Kotaniemi-­‐‑Syrjänen   et   al.   2003). In   addition,   two recent   follow-­‐‑up   studies   (Sigurs   et   al.   2010,  
Ruotsalainen  et  al.  2013) showed  that  RSV  infections  in  early  life  were associated  with  an  up  to  14-­‐‑
fold  risk  of  asthma, and  the  risk  lasted into adulthood.  
2.1.4.4 Differential  diagnosis
Despite  the  fact  that  wheezing  is  the  most  important  and  common  symptom  of  asthma,  it  may also  
be a  symptom  of  other  conditions.  Especially  in  infancy,  wheezing  may  be  due  to  a  foreign  body
in   the   airways or   bronchiolitis   as   a   result   of   viral   infection. Furthermore,   symptoms   that   are  
present  at  or   shortly  after  birth  and  which  do  not   respond   to  medication, or   lack  an  association  
with  common triggers  might  be  signs  of diseases  other  than asthma.  Congenital  anomalies,  such  
as   broncho-­‐‑ and   tracheomalasia,   cardiac   disease and esophageal   fistula   are   the   most   common  
reasons for  such  symptoms, although  rare,  and  might  especially  occur  during the  neonatal  period  
or  in infancy (Patadia  et  al.  2014).
2.1.5  Symptoms  and  presentations
The  most   common  presenting  symptom  of  asthma   is  wheezing. Other   symptoms  might   include  
cough,   shortness   of   breath,   increased   mucus   production   and   a   subjective   sensation   of   chest  
tightness.  During  an  asthma  attack,  one  or  more  symptoms  may  be present  and  extreme  variation  
may exist   between   each   exacerbation   in   a   single   patient. In an   instance   of mild   exacerbation  
wheezing   is   only end-­‐‑expiratory   and   during   severe   exacerbation, there   is both   inspiratory   and  
expiratory  wheezing.  Cough  is  usually non-­‐‑productive  and present  nocturnally.  Especially  among  
children,   the presence   of   sputum   is   suggestive   of   an infectious cause   of   asthma.   Furthermore,  
chest   tightness   is   most   commonly   seen   in   exercise-­‐‑induced   or   nocturnal   asthma, but   can   be  
present  in  any  form  of  the  disease (Vrijlandt  et  al.  2005,  Papadopoulos  et  al.  2012,  Haahtela  et  al.  
2013,  Patadia  et  al.  2014).
One  third  of  all  children  wheeze during  their  first  three  years  of  life. At  least  40%  of  them will  
continue  wheezing after  the  age  of  six; some  of  them will  have  already  developed  asthma  or  will  
6the  development  of  asthma  (Thompson  et  al.  2013). They  hypothesized  that  some  of  the  observed  
risks  of  asthma  might  be  because  of  different  rates  of  transmission  or  persistence  of  maternal  cells  
in children  of  asthmatic  mothers versus  non-­‐‑asthmatic  mothers,  or  sons  compared  with  daughters  
(Thompson   et   al.   2013). The   biological role   of   such trafficking   is   controversial,   since   evidence  
supports   both   beneficial   and   harmful   effects   in the   host.   In a   review, Jeanty   and associates  
reported that   maternal-­‐‑fetal   microchimerism could   prime   development   of   the   fetal   immune  
system;  maternal  cells  might  induce  tolerance  mechanisms and  fetal  T-­‐‑cell  acceptance of  maternal  
antigens  by  inducing  the  development  of  fetal  regulatory  cells (Jeanty  et  al.  2014). Harmful  effects
of   microchimerism   on pregnancy   outcome   have also   been   presented,   since altered  
microchimerism  has been  associated  with pregnancy  complications  such  as preeclampsia, preterm  
labor,  intrauterine  growth  restriction and  pregnancy  termination (Thompson  et  al.  2013,  Jeanty  et  
al.  2014).  
Several  forms  of  maternal  exposure  and  early-­‐‑life  factors  seem  to  have  the  capacity  to  activate  or  
silence  fetal  genes  through  alterations  in  DNA  methylation.  These  factors  might  act  via epigenetic  
pathways   and   thus   cause   heritable   changes   in   gene   expression   or   cellular   phenotypes  without  
altering   the   nucleotide   sequence   (Prescott,   Clifton   2009,  Ober,   Yao   2011,   Kabesch   2014).   Li   and  
associates   published   one   of   the   best   examples   of   an   epigenetic   effect   in asthma,   since   they  
observed   that  grand  maternal smoking  during   the  mother’s   fetal  period  was associated  with  an  
increased  risk  of  asthma  in  her  grandchild  (Li  et  al.  2005).  
Maternal  asthma  and  child’s  male  sex  are  the  most  significant  risk  factors  as  regards childhood  
asthma.  The   incidence  and  severity of asthma  are greater  among  boys  until   late   school-­‐‑age, but  
after   puberty   asthmatic   children   are   more   often   girls   (Ober   2005,   Subbarao   et   al.   2009,  
Mantzouranis  et  al.  2014).  Moreover,  the  association  between  child’s  gender  and  asthma  appears  
to  be  stronger  among  non-­‐‑atopic  asthmatics  than  among  atopics  (Pekkanen  et  al.  2012).  A  strong  
relationship  has  been observed  between  asthma,  allergic  rhinitis  and  atopic  dermatitis,  since  30%  
of   children  with   atopic   dermatitis   and   food   allergy   during   infancy   develop   asthma   (Ober,   Yao  
2011).
2.1.4  Asthma  pathophysiology
2.1.4.1  Short-­‐‑term  changes  in  asthma
The   key   features   of   asthma   pathophysiology   are   chronic   airway   inflammation,   airway   hyper-­‐‑
responsiveness  and  airway  remodeling, which  are considered  to  be  due to  interaction  between  the  
host’s  genetics  and  environment (Papadopoulos  et  al.  2012,  Martinez,  Vercelli  2013,  Mantzouranis  
et  al.  2014).  The  inflammation  in  airways  is  mediated  by  multiple  cell  types  including  eosinophils,  
mast-­‐‑cells,   T   lymphocytes,  macrophages   and   neutrophils.   Furthermore,   structural   cells,   such   as  
epithelial   and   smooth  muscle   cells, contribute   to   the   inflammatory  milieu.   These inflammatory  
and  structural  cells  produce  mediators  such  as  chemokines  and  cytokines  secreted  by  infiltrating
T-­‐‑helper   cells, thus   creating  a predominantly  Th2  milieu   (cytokines   IL-­‐‑4,   IL-­‐‑5,   IL-­‐‑13).  Cytokines
also   stimulate   mast   cells,   cause   eosinophilia,   promote   leukocytosis   and   enhance   B-­‐‑cell   IgE  
production.  Consequently, all   these  mediators   intensify  the  inflammatory  response  and  promote  
airway   narrowing   and   hyper-­‐‑responsiveness, causing   smooth   muscle   contraction.   The   most  
common  factors causing  such  airway  responses are viral  infections,  nonspecific  irritants  or  specific  
allergens.  In  acute  episodes of  asthma,  airway  narrowing  is  initiated  by  a  combination  of  edema,  
infiltration  of  inflammatory  cells,  mucus  hypersecretion,  smooth  muscle  contraction  and  epithelial  
desquamation.   Neural   mechanisms   are   also   activated   by   inflammation, causing   release   of  
tachykinins   and   substance   P, thus   contributing   to   hyper-­‐‑responsiveness.   Although   all   of   these  
changes  are  reversible  and  episodic,  permanent  and  long-­‐‑term  airway  changes  might  occur (Joos  
2001,  Papadopoulos  et  al.  2012,  Martinez,  Vercelli  2013,  Maslan,  Mims  2014).  
2.1.4.2  Long-­‐‑term  changes  in  asthma
Long-­‐‑term   changes   develop in   asthmatic   lungs gradually.   Airway   remodeling   is   presumed   to  
result  from  persistent  airflow  limitation  and  increased  hyper-­‐‑responsiveness  (Szefler  et  al.  2014).  It  
is  unclear  what  the  degree  and  duration  of  airway  inflammation  must  be  to  induce progression  of  
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airway  remodeling.  Such  changes  include  epithelial  cell  injury,  sub-­‐‑epithelial  layer  thickening  and  
fibrosis.  Further,  smooth  muscle  mass   increases   through  hypertrophy,  hyperplasia,  angiogenesis  
and   increased  mucus  production,   and   also   by  way   of   gland  hyperplasia   (Hogg   1993,  Martinez,  
Vercelli  2013,  Maslan,  Mims  2014).  Recent  studies  have  shown  that  reticular  basement  membrane  
thickening  appears  to  occur  early  in  life  among  children  with  severe  asthma,  even  in  the  absence  
of   eosinophils   or   neutrophils.   Furthermore,   smooth   muscle   thickening   is   likely   to   occur   much  
earlier   than   previously   thought,   suggesting   that   some   pathologic   changes   might   already   be  
present  early  in  life,  regardless  of  asthma  severity  (Martinez,  Vercelli  2013,  Szefler  et  al.  2014).    
        Chronic   airflow   limitation   is   the   strongest   predictor   of   severe   and   long-­‐‑lasting   symptoms.	  
Results   concerning   airway   remodeling   are   derived   mostly   from   adult   studies   and   thus   these  
cannot  be  applied  directly  to  children.  However,  Morgan  and  associates  showed  in  a  longitudinal  
study  that  many  children  with  asthma  at  the  age  of  three  years  or  younger  had  permanent  airway  
changes  by  the  age  of  six  (Morgan  et  al.  2004).    
2.1.4.3  Virus  infections  
Wheezing  is  a  symptom  of  the  lower  respiratory  tract  and  approximately  90%  of  cases  are  caused  
by  various  viral  respiratory  infections.  The  most  common  viruses  in  children  under  three  years  of  
age   are   respiratory   syncytial   virus   (RSV),   rhinovirus   (HRV),   influenza   virus   and  
metapneumovirus  (Inoue,  Shimojo  2013,  Szefler  et  al.  2014).  Evidence  for  early-­‐‑life  infections  as  a  
modifier  of  allergic  disease  is  inconsistent.  It  is  unclear  whether  lower  respiratory  viral  infections  
are   causal   factors   or   possibly   serve   as   indicators   of   a   predisposition   to   asthma   and   recurrent  
wheezing,   since  half  of  preschool  wheezers  become  asymptomatic  by  school  age,   irrespective  of  
treatment  (Inoue,  Shimojo  2013,  Martinez,  Vercelli  2013,  Szefler  et  al.  2014).  However,  studies  have  
shown  that  HRV-­‐‑induced  wheezing  and  bronchiolitis  are  strong  risk  factors  of  persistent  asthma,  
especially  among  high-­‐‑risk  children  (history  of  atopy  and  allergens)  (Korppi  et  al.  2012),  and  in  a  
recent  article  it  was  concluded  that  hospitalization  due  to  HRV  before  two  years  of  age  increases  
the   risk   of   asthma   fourfold   compared   with   those   with   other   lower   respiratory   tract   illnesses  
(Kotaniemi-­‐‑Syrjänen   et   al.   2003).   In   addition,   two   recent   follow-­‐‑up   studies   (Sigurs   et   al.   2010,  
Ruotsalainen  et  al.  2013)  showed  that  RSV  infections  in  early  life  were  associated  with  an  up  to  14-­‐‑
fold  risk  of  asthma,  and  the  risk  lasted  into  adulthood.    
2.1.4.4  Differential  diagnosis  
Despite  the  fact  that  wheezing  is  the  most  important  and  common  symptom  of  asthma,  it  may  also  
be  a  symptom  of  other  conditions.  Especially  in  infancy,  wheezing  may  be  due  to  a  foreign  body  
in   the   airways   or   bronchiolitis   as   a   result   of   viral   infection.      Furthermore,   symptoms   that   are  
present  at  or   shortly  after  birth  and  which  do  not   respond   to  medication,  or   lack  an  association  
with  common  triggers  might  be  signs  of  diseases  other  than  asthma.  Congenital  anomalies,  such  
as   broncho-­‐‑   and   tracheomalasia,   cardiac   disease   and   esophageal   fistula   are   the   most   common  
reasons  for  such  symptoms,  although  rare,  and  might  especially  occur  during  the  neonatal  period  
or  in  infancy  (Patadia  et  al.  2014).  
2.1.5  Symptoms  and  presentations  
The  most   common  presenting  symptom  of  asthma   is  wheezing.  Other   symptoms  might   include  
cough,   shortness   of   breath,   increased   mucus   production   and   a   subjective   sensation   of   chest  
tightness.  During  an  asthma  attack,  one  or  more  symptoms  may  be  present  and  extreme  variation  
may   exist   between   each   exacerbation   in   a   single   patient.   In   an   instance   of   mild   exacerbation  
wheezing   is   only   end-­‐‑expiratory   and   during   severe   exacerbation,   there   is   both   inspiratory   and  
expiratory  wheezing.  Cough  is  usually  non-­‐‑productive  and  present  nocturnally.  Especially  among  
children,   the   presence   of   sputum   is   suggestive   of   an   infectious   cause   of   asthma.   Furthermore,  
chest   tightness   is   most   commonly   seen   in   exercise-­‐‑induced   or   nocturnal   asthma,   but   can   be  
present  in  any  form  of  the  disease  (Vrijlandt  et  al.  2005,  Papadopoulos  et  al.  2012,  Haahtela  et  al.  
2013,  Patadia  et  al.  2014).    
        One  third  of  all  children  wheeze  during  their  first  three  years  of  life.  At  least  40%  of  them  will  
continue  wheezing  after  the  age  of  six;  some  of  them  will  have  already  developed  asthma  or  will  
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develop  it  later  (van  Aalderen  2012).  However,  the  existence  of  infantile  asthma  or  asthma  among  
children  who  are  younger  than  two  to  three  years  old  is  widely  criticized,  since  only  14%  of  infant  
wheezers  will  be  asthmatic  at  the  age  of  eight  years.  In  contrast,  longitudinal  studies  have  shown  
that  40%  of  asthmatic  seven-­‐‑year-­‐‑old  children  have  already  had  wheezing  during  their   first   two  
years,  although  the  diagnosis  of  asthma  has  been  made  later  (Haland  et  al.  2006,  Henderson  et  al.  
2008).  Additionally,  early  onset  of  asthma  is  observed  to  be  a  risk  factor  for  persistence  of  asthma  
(Henderson,  Warner  2012),  possibly  reflecting  the  fact  that  long-­‐‑term  changes  in  the  lungs  already  
occur  in  very  early  life.  
        Asthma   and   other   allergic   diseases   are   strongly   linked.  Almost   80%   of   children  with   asthma  
also   have   atopy   or   other   allergic   disease   and   approximately   30%   of   children   with   atopy   will  
develop  asthma  later  in  life  (Ober,  Yao  2011).  Illi  et  al.  concluded  that  atopy  before  the  age  of  five  
years  poorly  predicted  later  asthma  diagnosis  in  childhood,  but  after  this  age,  atopy  had  a  strong  
influence   on   the   persistence   of   childhood   asthma,   indicating   the   importance   of   environmental  
exposures,  such  as  environmental  tobacco  smoke  (ETS)  and  other  pollutants  in  early  life  (Illi  et  al.  
2006,  Holloway  et  al.  2010a).  
2.1.6  Diagnosis  and  monitoring  of  pediatric  asthma  
In  Finland,  diagnosis  of  childhood  asthma  is  based  on  evaluation  and  examination  performed  by  a  
specialist,   usually   a   pediatrician   or   by   a   specialist-­‐‑level   healthcare   unit   in   order   to   confirm   the  
nature  of   the  disease  and   the  need   for   long-­‐‑term  medication   (Table  2).   In  addition,  examination  
and  diagnosis  of  pediatric  asthma  is  based  on  internationally  accepted  criteria  (Papadopoulos  et  
al.   2012,  Haahtela   et   al.   2013,  GINA   report   2014).  Depending   on   age,   the   presence   of   recurrent  
respiratory  symptoms  or  evaluation  by  way  of  pulmonary  function  tests  indicating  the  presence  of  
variable   or   reversible   airway   obstruction   is   needed   for   diagnosis.   Lung   function   tests,   such   as  
spirometry,  oscillometry  or  peak  expiratory  tests,  are  recommended  for  children  over  three  years  
of  age.    
Table 2. Diagnostic evaluation of pediatric asthma (according to Current care guidelines 
                            [Haahtela 2013]). 
History 
• Family history of asthma or atopy
• Personal history of atopy or food allergy
• Recurrent wheezing, cough, dyspnea or chest tightness
Physical examination 
• Wheezing in chest auscultation (most commonly end-expiratory)
Evaluation of lung function 
• Oscillometry or spirometry (with bronchodilator test with salbutamol)
• Peak expiratory flow (PEF) measurements
Evaluation of atopy 
• Skin prick tests
• Allergen-specific IgEs
Exclusion of alternative diagnoses 
• Chest X-ray
Therapeutic trial 
Evaluation of airway inflammation 
• Fractional exhaled nitric oxide (FENO) measurements
Evaluation of bronchial hyper-responsiveness 
• Exercise testing
• Provocation with inhaled methacholine or histamine
9
Most   commonly,   diagnosis   of   asthma   is   based   on   spirometry, with   a   bronchodilation test  with  
salbutamol  (0.4  mg)  and  is  recommended  for  children  old  enough  to  perform  it  properly.  Asthma  
is   diagnosed   if   forced   expiratory   volume   in   one   second   (FEV1)   or   forced   vital   capacity   (FVC)  
improves   after   bronchodilation   by   at   least   12%   or   200   milliliters.   In   exercise-­‐‑induced   asthma,  
diagnosis   is  based  on  a  minimum  15%  decrease   from  the  baseline  measurement   in  FEV1  results  
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).
Oscillometry is  used  both  for  primary diagnosis  and  for  monitoring  asthma  during  treatment,  
since  it  requires  less  cooperation.  It  gives  a  measure  of  airflow  during  breathing  and  its  reflection  
back   to   the   recording   device gives   measures   of airway   resistance,   reactance   and   total   airway  
impedance Results   are   diagnostic   for asthma if   airflow   resistance   increases   by   over   40%   in   an  
exercise-­‐‑induced   test   or   decreases   by   over   40%   in   a   bronchodilator   test (Haahtela   et   al.   2013,  
Lauhkonen  et  al.  2014).  
Peak   expiratory   flow   (PEF)   measurements   can   be   used   in   diagnosis   of pediatric asthma.  
Reversibility  and  variability  of  PEF  measurements  are  diagnostic  and  PEF  values  should  improve  
by  over 15%, or  60  ml/min  after  inhaled  salbutamol, three  separate  times  over two  weeks.  Among  
children  under  the  age  of 12  years, PEF  is  more  useful  tool  to  monitor rather  than  diagnose  asthma  
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).
Fractional   exhaled   nitric   oxide   (FENO)  measurements   seem   to   be   useful   in   assessing   airway  
inflammation.  In  atopic  asthma,  FENO  levels  are  increased,  but  are  usually  normal  in  non-­‐‑atopic  
asthmatics (Malmberg  et  al.  2006,  Haahtela  et  al.  2013).
Provocation tests with  inhaled  methacholine  or  histamine  can  also  be  used  in  the  diagnosis  of  
asthma.   They   give   a   measure   of bronchial   hyper-­‐‑responsiveness, although   absence   of   hyper-­‐‑
reactivity  does  not  exclude  the  diagnosis  (Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).  
Among  wheezing children,   atopy should  be   evaluated  by   skin  prick   tests   or   by  using   serum
allergen-­‐‑specific   IgEs against   common   allergens (birch,   timothy   grass,   mugwort,   cat,   dog   and  
horse danders, bees), and  a  family  history  of  asthma  strengthens the  diagnosis.  If  necessary,  other  
examinations,   such   as   chest   X-­‐‑rays,   should   be considered to   exclude alternative   diagnoses
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).  
Diagnosis  of  asthma  is  difficult  among  children  under  three  years  of  age,  since  the  etiology  of  
wheezing   is  heterogeneous  and  tests  can  be  hard  to  perform  properly.   In  cases  of  uncertainty,  a  
short   therapeutic   trial  with   inhaled   asthma  medication   is   suggested.  Deterioration   of  wheezing  
after discontinuation   of   treatment, or   considerable   improvement   during   the   trial   supports   a  
diagnosis  of  asthma.  Furthermore,  in  infants  with  respiratory  distress  seizures  2–3  times  per  year
(diagnosed  by  a  physician),  diagnosis  can  also  be  made  by  way  of  special  index  points  based  on  
risk   factors.   Atopy,   family   history   of   asthma,   IgE-­‐‑mediated   food   allergy,   diagnosed   allergic  
rhinitis,  wheezing  during  respiratory  infection  or  eosinophilia  are factors  supporting  a  diagnosis  
of  asthma.  A need   for   inhaled  corticosteroid   therapy   for  more   than six  months is   considered  as  
diagnostic  for  asthma  (Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).
2.1.7  Medicine  reimbursement and  principles  of  management  in  pediatric  asthma
In   Finland,   medicine-­‐‑cost reimbursement   is   based   on   the   Health   Insurance   Act  
(Sairausvakuutuslaki   1224/2004)   and   it   covers   all   permanent   residents.   The   Health   Insurance  
Scheme   is   administered   by   the   Social   Insurance   Institution   (KELA).   To   be   eligible   for  
reimbursement   payments   under   the   Special   Refund  Category,   certain   diagnostic   criteria,   set by  
KELA,  must  be  fulfilled. The  Special  Refund  Category for  anti-­‐‑asthmatic medication is  72%  (KELA  
2014). According  to  the  criteria, asthma  medication  for  children  over  the  age  of  six  is  reimbursed  
as  for adults. Among  children  younger  than  seven,  diagnosis  of  asthma  should  be  based  on  lung  
function  tests  carried  out by  spirometry  or  oscillometry,  if  possible.  Furthermore,  among  infants,  
diagnosis  can  be  made  by  way  of  special  index  points  based  on  risk  factors.  Entitlement  to  special  
reimbursement  for  asthma  medication  can  be  granted  for  five  years  among  children  under  the  age  
of  16  and  for  two  years  among  children  under  the  age  of  three  (KELA  2014).
The  keystone  of  treatment  is  pharmacotherapy  and  the  goal  is  to  use  the  least  possible  amount  
of  medication  to  achieve  an asymptomatic state.  Anti-­‐‑asthmatic  drugs  are  divided  into  three  main
8develop  it  later (van  Aalderen  2012). However,  the  existence  of  infantile  asthma  or  asthma  among  
children who  are  younger  than two  to  three years  old is widely  criticized,  since  only  14%  of  infant  
wheezers  will  be asthmatic at  the  age  of  eight years. In  contrast,  longitudinal  studies  have  shown
that  40%  of  asthmatic  seven-­‐‑year-­‐‑old  children  have  already  had  wheezing  during  their first   two  
years, although  the  diagnosis  of asthma has been  made  later  (Haland  et  al.  2006,  Henderson  et  al.  
2008).  Additionally, early onset  of  asthma is  observed  to  be  a  risk  factor  for  persistence  of  asthma  
(Henderson,  Warner  2012), possibly reflecting  the  fact  that  long-­‐‑term  changes  in  the  lungs already  
occur  in  very  early  life.
Asthma   and   other   allergic   diseases   are   strongly   linked.  Almost 80%   of   children  with   asthma  
also   have   atopy   or   other   allergic   disease   and approximately 30%   of   children   with   atopy   will  
develop  asthma  later  in  life  (Ober,  Yao  2011).  Illi et  al.  concluded  that  atopy  before  the  age  of  five
years  poorly  predicted  later asthma  diagnosis in  childhood,  but  after  this  age,  atopy  had  a  strong  
influence   on   the   persistence   of   childhood   asthma, indicating   the   importance   of environmental  
exposures,  such  as  environmental  tobacco  smoke (ETS) and  other  pollutants in  early  life  (Illi  et  al.  
2006,  Holloway  et  al.  2010a).
2.1.6  Diagnosis and  monitoring of  pediatric  asthma
In  Finland,  diagnosis  of  childhood  asthma  is  based  on  evaluation  and  examination performed  by  a  
specialist,   usually   a   pediatrician   or   by   a   specialist-­‐‑level   healthcare   unit   in   order   to   confirm   the  
nature  of   the  disease  and   the  need   for   long-­‐‑term  medication (Table  2).   In  addition, examination  
and diagnosis of  pediatric  asthma  is  based  on  internationally  accepted  criteria (Papadopoulos  et  
al.   2012,  Haahtela   et   al.   2013,  GINA   report   2014).  Depending   on   age,   the   presence   of   recurrent  
respiratory  symptoms  or evaluation  by way  of  pulmonary  function tests  indicating  the  presence  of  
variable   or   reversible   airway   obstruction is needed   for   diagnosis. Lung   function   tests,   such   as  
spirometry,  oscillometry  or  peak  expiratory  tests,  are  recommended  for children  over  three  years  
of  age.
Table 2. Diagnostic evaluation of pediatric asthma (according to Current care guidelines
[Haahtela 2013]).
History
• Family history of asthma or atopy
• Personal history of atopy or food allergy
• Recurrent wheezing, cough, dyspnea or chest tightness
Physical examination
• Wheezing in chest auscultation (most commonly end-expiratory)
Evaluation of lung function
• Oscillometry or spirometry (with bronchodilator test with salbutamol)
• Peak expiratory flow (PEF) measurements
Evaluation of atopy
• Skin prick tests
• Allergen-specific IgEs
Exclusion of alternative diagnoses
• Chest X-ray
Therapeutic trial
Evaluation of airway inflammation
• Fractional exhaled nitric oxide (FENO) measurements
Evaluation of bronchial hyper-responsiveness
• Exercise testing
• Provocation with inhaled methacholine or histamine
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Most   commonly,   diagnosis   of   asthma   is   based   on   spirometry,  with   a   bronchodilation   test  with  
salbutamol  (0.4  mg)  and  is  recommended  for  children  old  enough  to  perform  it  properly.  Asthma  
is   diagnosed   if   forced   expiratory   volume   in   one   second   (FEV1)   or   forced   vital   capacity   (FVC)  
improves   after   bronchodilation   by   at   least   12%   or   200   milliliters.   In   exercise-­‐‑induced   asthma,  
diagnosis   is  based  on  a  minimum  15%  decrease   from  the  baseline  measurement   in  FEV1  results  
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).  
        Oscillometry  is  used  both  for  primary  diagnosis  and  for  monitoring  asthma  during  treatment,  
since  it  requires  less  cooperation.  It  gives  a  measure  of  airflow  during  breathing  and  its  reflection  
back   to   the   recording   device   gives   measures   of   airway   resistance,   reactance   and   total   airway  
impedance   Results   are   diagnostic   for   asthma   if   airflow   resistance   increases   by   over   40%   in   an  
exercise-­‐‑induced   test   or   decreases   by   over   40%   in   a   bronchodilator   test   (Haahtela   et   al.   2013,  
Lauhkonen  et  al.  2014).    
Peak   expiratory   flow   (PEF)   measurements   can   be   used   in   diagnosis   of   pediatric   asthma.  
Reversibility  and  variability  of  PEF  measurements  are  diagnostic  and  PEF  values  should  improve  
by  over  15%,  or  60  ml/min  after  inhaled  salbutamol,  three  separate  times  over  two  weeks.  Among  
children  under  the  age  of  12  years,  PEF  is  more  useful  tool  to  monitor  rather  than  diagnose  asthma  
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).  
        Fractional   exhaled   nitric   oxide   (FENO)  measurements   seem   to   be   useful   in   assessing   airway  
inflammation.  In  atopic  asthma,  FENO  levels  are  increased,  but  are  usually  normal  in  non-­‐‑atopic  
asthmatics  (Malmberg  et  al.  2006,  Haahtela  et  al.  2013).  
   Provocation  tests  with  inhaled  methacholine  or  histamine  can  also  be  used  in  the  diagnosis  of  
asthma.   They   give   a   measure   of   bronchial   hyper-­‐‑responsiveness,   although   absence   of   hyper-­‐‑
reactivity  does  not  exclude  the  diagnosis  (Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).    
   Among  wheezing   children,   atopy   should  be   evaluated  by   skin  prick   tests   or   by  using   serum  
allergen-­‐‑specific   IgEs   against   common   allergens   (birch,   timothy   grass,   mugwort,   cat,   dog   and  
horse  danders,  bees),  and  a  family  history  of  asthma  strengthens  the  diagnosis.  If  necessary,  other  
examinations,   such   as   chest   X-­‐‑rays,   should   be   considered   to   exclude   alternative   diagnoses  
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).    
   Diagnosis  of  asthma  is  difficult  among  children  under  three  years  of  age,  since  the  etiology  of  
wheezing   is  heterogeneous  and  tests  can  be  hard  to  perform  properly.   In  cases  of  uncertainty,  a  
short   therapeutic   trial  with   inhaled   asthma  medication   is   suggested.  Deterioration   of  wheezing  
after   discontinuation   of   treatment,   or   considerable   improvement   during   the   trial   supports   a  
diagnosis  of  asthma.  Furthermore,  in  infants  with  respiratory  distress  seizures  2–3  times  per  year  
(diagnosed  by  a  physician),  diagnosis  can  also  be  made  by  way  of  special  index  points  based  on  
risk   factors.   Atopy,   family   history   of   asthma,   IgE-­‐‑mediated   food   allergy,   diagnosed   allergic  
rhinitis,  wheezing  during  respiratory  infection  or  eosinophilia  are  factors  supporting  a  diagnosis  
of  asthma.  A  need   for   inhaled  corticosteroid   therapy   for  more   than  six  months   is   considered  as  
diagnostic  for  asthma  (Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).  
2.1.7  Medicine  reimbursement	  and  principles  of  management  in  pediatric  asthma  
In   Finland,   medicine-­‐‑cost   reimbursement   is   based   on   the   Health   Insurance   Act  
(Sairausvakuutuslaki   1224/2004)   and   it   covers   all   permanent   residents.   The   Health   Insurance  
Scheme   is   administered   by   the   Social   Insurance   Institution   (KELA).   To   be   eligible   for  
reimbursement   payments   under   the   Special   Refund  Category,   certain   diagnostic   criteria,   set   by  
KELA,  must  be  fulfilled.  The  Special  Refund  Category  for  anti-­‐‑asthmatic  medication  is  72%  (KELA  
2014).  According  to  the  criteria,	  asthma  medication  for  children  over  the  age  of  six  is  reimbursed  
as  for  adults.  Among  children  younger  than  seven,  diagnosis  of  asthma  should  be  based  on  lung  
function  tests  carried  out  by  spirometry  or  oscillometry,  if  possible.  Furthermore,  among  infants,  
diagnosis  can  be  made  by  way  of  special  index  points  based  on  risk  factors.  Entitlement  to  special  
reimbursement  for  asthma  medication  can  be  granted  for  five  years  among  children  under  the  age  
of  16  and  for  two  years  among  children  under  the  age  of  three  (KELA  2014).    
        The  keystone  of  treatment  is  pharmacotherapy  and  the  goal  is  to  use  the  least  possible  amount  
of  medication  to  achieve  an  asymptomatic  state.  Anti-­‐‑asthmatic  drugs  are  divided  into  three  main  
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classes:   beta-­‐‑2   agonists,   corticosteroids   and   leukotriene-­‐‑modifiers.   Pharmacotherapy   is   selected  
through   a   stepwise   approach   according   to   the   level   of   disease.   Before   entitlement   to   special  
reimbursement,  asthmatic  children  must  have  a  six-­‐‑month  duration  of  regular  medication.  
   Allergen-­‐‑specific  immunotherapy  can  be  considered  for  children  with  allergen-­‐‑specific  asthma  
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).  
   Monitoring  of  asthma  is  recommended  once  or  twice  a  year,  and  after  an  exacerbation,  a  shorter  
follow-­‐‑up  interval  should  be  considered  (Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013,  Martinez,  
Vercelli  2013).  In  teenagers,  diagnosis,  medication  and  monitoring  of  asthma  is  based  on  the  same  
guidelines  as  among  adults  (Haahtela  et  al.  2013).  
2.2 EARLY RISK FACTORS OF CHILDHOOD ASTHMA 
Asthma  is  known  to  be  a  complex  disease  resulting  from  a  combination  of  genetic  susceptibility,  
various   forms   of   environmental   exposure,   and   their   interactions.   Two   different   hypotheses   are  
presented  here   to   interpret   the  burden  of   asthma  and   its   influence  on  how   the  human   immune  
system   develops.   First,   according   to   Barker’s   hypothesis   (Capra   et   al.   2013),   an   unfavorable  
intrauterine  environment  may  alter  fetal  development  and  have  lifelong  consequences,  increasing  
the   risk   of   specific   diseases   later   in   life   (Barker   2000,   Capra   et   al.   2013).   Second,   the   hygiene  
hypothesis  was  originally  based  on  the  observation  of  an  inverse  relationship  between  birth  order  
and   risk  of  allergic  diseases.   In   review  articles  by  Bach   (2002)  and  Neu   (2011)   it  was   concluded  
that   the   rapid   rise   in   numbers   of   people  with   allergic   disorders  may   be   due   to   a   lack   of   early  
infections   influencing   immunity,   leading   to   possible   disadvantageous   changes   in   the  microbial  
environment   in   early   life   (Bach   2002,   Neu,   Rushing   2011).   Further,   possible   changes   in   the  
microbial   environment   may   expose   a   child   to   development   of   asthma   and   allergy   in   that  
environmental   factors   influence   a   child’s   immune   system   and   may   shift   it   towards   to  
inflammatory   immune   responses   and   thus   towards   the   onset   asthma   and   allergy   (Daley   2014).  
Further,  there  are  some  well-­‐‑known  pre-­‐‑  and  postnatal  factors  that  are  likely  to  be  associated  with  
the   incidence   of   childhood   asthma   and   atopy.   ETS,   both   pre-­‐‑   and   postnatal,  mode   of   delivery,  
early   life  exposure   to  allergens  and  viral  respiratory  tract   infections  have  been   implicated   in   the  
development  of  asthma  in  high-­‐‑risk  children.  Conversely,  breastfeeding  and  exposure  to  microbial  
diversity  in  the  perinatal  period  may  have  a  diminishing  effect  on  the  development  of  asthma  and  
atopy  (Subbarao  et  al.  2009,  Midodzi  et  al.  2010,  Gaffin  et  al.  2014),  since  the  infant  gut  microbiota  
has   been   shown   to   be   a   critical   determinant   of   immune   system   development   (Kozyrskyj   et   al.  
2011,  Gaffin  et  al.  2014).  However,   it   is  often  difficult   to  separate   the  effects  of  various   forms  of  
exposure   during   the   pre-­‐‑   and   postnatal   period   as   they   are   highly   correlated,   such   as  maternal  
smoking  during  pregnancy  and  after  birth.    
2.2.1  Maternal  characteristics  
2.2.1.1  Maternal  asthma  and  atopy  
Maternal  asthma/atopy  has  been  shown  to  be  stronger  risk  factor  as  regards  the  development  of  
asthma  among  offspring  than  paternal  asthma  (Klinnert  et  al.  2001,  Lim  et  al.  2010,  Maslan,  Mims  
2014).  This  is  explained  by  the  fact  that  maternal  asthma  may  have  intrauterine  influences  on  fetal  
development,   and   there   might   also   be   genetic   imprinting   via   maternal   microchimerism   and   a  
more   closely   shared   postnatal   environment   (Henderson,   Warner   2012,   Thompson   et   al.   2013).  
Additionally,  maternal  asthma  is  likely  to  increase  the  risk  of  asthma  in  offspring  indirectly,  since  
maternal  asthma  exacerbations  during  pregnancy  are  associated  with  low  birth  weight,  especially  
among  males,  and   inadequate  control  of  asthma  may   increase   the   incidence  of  preterm  delivery  
and  hence  the  incidence  of  asthma  among  offspring  (Capra  et  al.  2013).    
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2.2.1.2  Maternal  stress
Maternal   depressive   and anxiety   syndromes   are   very   common   problems   during   pregnancy,
occurring  in  up  to  13  to  18%  of  women  (O'ʹConnor  et  al.  2003,  Liu  et  al.  2015b).  Maternal  mental  
problems  are  likely to  affect  the  health  of  offspring  both directly and  indirectly.
It  is  possible  that  early  stress, either  during  the  fetal  period  or  during  early  childhood,  has  an  
adverse influence   on   the   development   of   fetal   regulation   of   the   hypothalamic-­‐‑pituitary-­‐‑
adrenocortical  axis  and autonomous  nervous  system,  further  leading to  unfavorable  consequences  
as   regards fetal   immune   development   (Wright   2004).   Interestingly,   Cookson   and   associates  
showed   that   these   aspects were   not   explained   by   increased   stress   in   the offspring   itself   during  
childhood, but   merely   maternal   stress   during   pregnancy   (Cookson   et   al.   2009).   One   has   to  
remember, however,   that   it   is  very  difficult   and  sometimes   impossible   to  evaluate   the  effects of  
pre-­‐‑ and   postnatal   adverse   stress   separately, since   maternal   personality   and   interpersonal  
responses  and  relationships  are  continuums  during  pregnancy   to  motherhood.  Besides,  genetics  
might  also  play  a  role  in  specific  familial  depression  and anxiety  syndromes (Flint,  Kendler  2014).
Cookson  and  associates  showed  in  their  longitudinal  birth  cohort  study  that children  of  mothers  
with   highly   scored   anxiety-­‐‑depressive   disorders   at   32  weeks   of   gestation  were   nearly twice   as
likely   to   have   asthma   by   the   age   of   seven compared   with children   of   mothers   without   such  
problems (Cookson   et   al.   2009).   Furthermore,   maternal   depression   during   pregnancy,   but   not  
antidepressant  use, has  been associated  with  an   increased  risk  of  asthma   in  offspring (Liu  et  al.  
2015b).  Additional results  have  shown   that the   risk  of  asthma  might  be even  higher   if  maternal  
mental   problems   or symptoms continue   beyond   the   postpartum   period   (Cookson   et   al.   2009,  
Kozyrskyj   et   al.   2011,   Guxens   et   al.   2014).   Such  maternal   depressive   disorders are  well-­‐‑known  
factors that increase  the  risk  of  premature  delivery as  well  as  low  birth  weight,  both  of which  are  
reported  to  be  risk  factors of asthma  in  offspring  (Lefkovics  et  al.  2014).
Both  prenatal  and  postnatal  domestic  violence  have  been associated  with  an increased  incidence  
of  asthma  in  offspring  (Wright,  Steinbach  2001,  Wing  et  al.  2015) and  this  was  suggested  to  be  due  
to  increased  stress  affecting  the  inflammatory  response  (Wright  et  al.  2004).  Suglia  and associates  
reported  that  children  whose  mothers  experienced  violence  and  trauma  during  pregnancy  had  a  
twofold risk  of  asthma during  childhood  (Suglia  et  al.  2009).    
2.2.1.3  Maternal  diseases
The  association  between  maternal  diseases  and  development  of  asthma  during  childhood  has not  
been extensively  studied.  Pooled  analysis  including  14  European  birth  cohorts  and  nearly  86 000  
pregnant  women   and   their   children   showed   recently   that   preeclampsia  was associated  with   an  
increased   risk   of   wheezing   in   one-­‐‑ to   two-­‐‑year-­‐‑old   offspring (Zugna   et   al.   2015).   A   similar  
association was  noted  between  early-­‐‑onset  preeclampsia  and  risk  of  asthma  among  offspring in  a
recent   study (Liu   et   al.   2015a).   The   association   between   maternal   hypertensive   disorders   and  
development   of   asthma   among   offspring   has   been explained   by   poorly   developed   placental  
circulation  or  fetal  growth  restriction,  commonly  seen  in  hypertensive  pregnancies  (Anderson  et  
al.   2013).   Thus,   such   changes  may   damage   fetal   airway   development   and   result   in diminished  
airway  function  of  the  newborn.
In   contrast,   the   association   between   maternal   diabetes and   asthma   in   offspring   has   been  
explained  by   surfactant  deficiency  and   increased   susceptibility   to   respiratory  distress   syndrome  
after  birth, increasing  the  risk  of  asthma  (Rusconi  et  al.  2007,  Aspberg  et  al.  2010,  Britt  et  al.  2013).  
A   large   cross-­‐‑sectional   study   showed   that   maternal   diabetes   was   associated   with   persistent  
wheezing  at  the  age  of  six years (Rusconi  et  al.  2007), and  Risnes  et  al. (2011)  found  that  the  risk  of  
asthma  was  increased  over  threefold  among  children  of  mothers  with  diabetes  (Risnes  et  al.  2011).
Pooled  analysis  did  not  reveal such  an  effect  (Zugna  et  al.  2015).
In  a   recent   study,  maternal   anemia   (defined  as  hemoglobin   level   <  110  g/l  during  pregnancy)  
was  demonstrated  to  double the  risk  of  wheezing in  childhood, and, further, it  tripled the  risk  of  
asthma  at  the  age  of  six (Triche  et  al.  2011).  Again,  maternal  severe  iron  deficiency  anemia is  an  
evident   risk   factor   as   regards premature   birth (Zhang   et   al.   2009,   Räisänen   et   al.   2014) and  
intrauterine  growth retardation (Triche  et   al.   2011,  Capra  et   al.   2013) is   also associated  with   the
development  of  asthma among offspring.  
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classes:   beta-­‐‑2   agonists,   corticosteroids   and   leukotriene-­‐‑modifiers.   Pharmacotherapy   is   selected  
through   a   stepwise   approach   according   to   the   level   of   disease.   Before   entitlement   to   special  
reimbursement,  asthmatic  children  must  have  a  six-­‐‑month  duration  of  regular  medication.  
   Allergen-­‐‑specific  immunotherapy  can  be  considered  for  children  with  allergen-­‐‑specific  asthma  
(Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013).  
   Monitoring  of  asthma  is  recommended  once  or  twice  a  year,  and  after  an  exacerbation,  a  shorter  
follow-­‐‑up  interval  should  be  considered  (Papadopoulos  et  al.  2012,  Haahtela  et  al.  2013,  Martinez,  
Vercelli  2013).  In  teenagers,  diagnosis,  medication  and  monitoring  of  asthma  is  based  on  the  same  
guidelines  as  among  adults  (Haahtela  et  al.  2013).  
  
2.2 EARLY RISK FACTORS OF CHILDHOOD ASTHMA 
Asthma  is  known  to  be  a  complex  disease  resulting  from  a  combination  of  genetic  susceptibility,  
various   forms   of   environmental   exposure,   and   their   interactions.   Two   different   hypotheses   are  
presented  here   to   interpret   the  burden  of   asthma  and   its   influence  on  how   the  human   immune  
system   develops.   First,   according   to   Barker’s   hypothesis   (Capra   et   al.   2013),   an   unfavorable  
intrauterine  environment  may  alter  fetal  development  and  have  lifelong  consequences,  increasing  
the   risk   of   specific   diseases   later   in   life   (Barker   2000,   Capra   et   al.   2013).   Second,   the   hygiene  
hypothesis  was  originally  based  on  the  observation  of  an  inverse  relationship  between  birth  order  
and   risk  of  allergic  diseases.   In   review  articles  by  Bach   (2002)  and  Neu   (2011)   it  was   concluded  
that   the   rapid   rise   in   numbers   of   people  with   allergic   disorders  may   be   due   to   a   lack   of   early  
infections   influencing   immunity,   leading   to   possible   disadvantageous   changes   in   the  microbial  
environment   in   early   life   (Bach   2002,   Neu,   Rushing   2011).   Further,   possible   changes   in   the  
microbial   environment   may   expose   a   child   to   development   of   asthma   and   allergy   in   that  
environmental   factors   influence   a   child’s   immune   system   and   may   shift   it   towards   to  
inflammatory   immune   responses   and   thus   towards   the   onset   asthma   and   allergy   (Daley   2014).  
Further,  there  are  some  well-­‐‑known  pre-­‐‑  and  postnatal  factors  that  are  likely  to  be  associated  with  
the   incidence   of   childhood   asthma   and   atopy.   ETS,   both   pre-­‐‑   and   postnatal,  mode   of   delivery,  
early   life  exposure   to  allergens  and  viral  respiratory  tract   infections  have  been   implicated   in   the  
development  of  asthma  in  high-­‐‑risk  children.  Conversely,  breastfeeding  and  exposure  to  microbial  
diversity  in  the  perinatal  period  may  have  a  diminishing  effect  on  the  development  of  asthma  and  
atopy  (Subbarao  et  al.  2009,  Midodzi  et  al.  2010,  Gaffin  et  al.  2014),  since  the  infant  gut  microbiota  
has   been   shown   to   be   a   critical   determinant   of   immune   system   development   (Kozyrskyj   et   al.  
2011,  Gaffin  et  al.  2014).  However,   it   is  often  difficult   to  separate   the  effects  of  various   forms  of  
exposure   during   the   pre-­‐‑   and   postnatal   period   as   they   are   highly   correlated,   such   as  maternal  
smoking  during  pregnancy  and  after  birth.    
2.2.1  Maternal  characteristics  
2.2.1.1  Maternal  asthma  and  atopy  
Maternal  asthma/atopy  has  been  shown  to  be  stronger  risk  factor  as  regards  the  development  of  
asthma  among  offspring  than  paternal  asthma  (Klinnert  et  al.  2001,  Lim  et  al.  2010,  Maslan,  Mims  
2014).  This  is  explained  by  the  fact  that  maternal  asthma  may  have  intrauterine  influences  on  fetal  
development,   and   there   might   also   be   genetic   imprinting   via   maternal   microchimerism   and   a  
more   closely   shared   postnatal   environment   (Henderson,   Warner   2012,   Thompson   et   al.   2013).  
Additionally,  maternal  asthma  is  likely  to  increase  the  risk  of  asthma  in  offspring  indirectly,  since  
maternal  asthma  exacerbations  during  pregnancy  are  associated  with  low  birth  weight,  especially  
among  males,  and   inadequate  control  of  asthma  may   increase   the   incidence  of  preterm  delivery  
and  hence  the  incidence  of  asthma  among  offspring  (Capra  et  al.  2013).    
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2.2.1.2  Maternal  stress    
Maternal   depressive   and   anxiety   syndromes   are   very   common   problems   during   pregnancy,  
occurring  in  up  to  13  to  18%  of  women  (O'ʹConnor  et  al.  2003,  Liu  et  al.  2015b).  Maternal  mental  
problems  are  likely  to  affect  the  health  of  offspring  both  directly  and  indirectly.    
   It   is  possible  that  early  stress,  either  during  the  fetal  period  or  during  early  childhood,  has  an  
adverse   influence   on   the   development   of   fetal   regulation   of   the   hypothalamic-­‐‑pituitary-­‐‑
adrenocortical  axis  and  autonomous  nervous  system,  further  leading  to  unfavorable  consequences  
as   regards   fetal   immune   development   (Wright   2004).   Interestingly,   Cookson   and   associates  
showed   that   these   aspects  were   not   explained   by   increased   stress   in   the   offspring   itself   during  
childhood,   but   merely   maternal   stress   during   pregnancy   (Cookson   et   al.   2009).   One   has   to  
remember,  however,   that   it   is  very  difficult   and  sometimes   impossible   to  evaluate   the  effects  of  
pre-­‐‑   and   postnatal   adverse   stress   separately,   since   maternal   personality   and   interpersonal  
responses  and  relationships  are  continuums  during  pregnancy   to  motherhood.  Besides,  genetics  
might  also  play  a  role  in  specific  familial  depression  and  anxiety  syndromes  (Flint,  Kendler  2014).  
        Cookson  and  associates  showed  in  their  longitudinal  birth  cohort  study  that  children  of  mothers  
with   highly   scored   anxiety-­‐‑depressive   disorders   at   32  weeks   of   gestation  were   nearly   twice   as  
likely   to   have   asthma   by   the   age   of   seven   compared   with   children   of   mothers   without   such  
problems   (Cookson   et   al.   2009).   Furthermore,   maternal   depression   during   pregnancy,   but   not  
antidepressant  use,  has  been  associated  with  an   increased  risk  of  asthma   in  offspring   (Liu  et  al.  
2015b).  Additional   results  have  shown   that   the   risk  of  asthma  might  be  even  higher   if  maternal  
mental   problems   or   symptoms   continue   beyond   the   postpartum   period   (Cookson   et   al.   2009,  
Kozyrskyj   et   al.   2011,   Guxens   et   al.   2014).   Such  maternal   depressive   disorders   are  well-­‐‑known  
factors  that  increase  the  risk  of  premature  delivery  as  well  as  low  birth  weight,  both  of  which  are  
reported  to  be  risk  factors  of  asthma  in  offspring  (Lefkovics  et  al.  2014).    
        Both  prenatal  and  postnatal  domestic  violence  have  been  associated  with  an  increased  incidence  
of  asthma  in  offspring  (Wright,  Steinbach  2001,  Wing  et  al.  2015)  and  this  was  suggested  to  be  due  
to  increased  stress  affecting  the  inflammatory  response  (Wright  et  al.  2004).  Suglia  and  associates  
reported  that  children  whose  mothers  experienced  violence  and  trauma  during  pregnancy  had  a  
twofold  risk  of  asthma  during  childhood  (Suglia  et  al.  2009).        
  
2.2.1.3  Maternal  diseases    
The  association  between  maternal  diseases  and  development  of  asthma  during  childhood  has  not  
been  extensively  studied.  Pooled  analysis  including  14  European  birth  cohorts  and  nearly  86  000  
pregnant  women   and   their   children   showed   recently   that   preeclampsia  was   associated  with   an  
increased   risk   of   wheezing   in   one-­‐‑   to   two-­‐‑year-­‐‑old   offspring   (Zugna   et   al.   2015).   A   similar  
association  was  noted  between  early-­‐‑onset  preeclampsia  and  risk  of  asthma  among  offspring  in  a  
recent   study   (Liu   et   al.   2015a).   The   association   between   maternal   hypertensive   disorders   and  
development   of   asthma   among   offspring   has   been   explained   by   poorly   developed   placental  
circulation  or  fetal  growth  restriction,  commonly  seen  in  hypertensive  pregnancies  (Anderson  et  
al.   2013).   Thus,   such   changes  may   damage   fetal   airway   development   and   result   in   diminished  
airway  function  of  the  newborn.    
        In   contrast,   the   association   between   maternal   diabetes   and   asthma   in   offspring   has   been  
explained  by   surfactant  deficiency  and   increased   susceptibility   to   respiratory  distress   syndrome  
after  birth,  increasing  the  risk  of  asthma  (Rusconi  et  al.  2007,  Aspberg  et  al.  2010,  Britt  et  al.  2013).  
A   large   cross-­‐‑sectional   study   showed   that   maternal   diabetes   was   associated   with   persistent  
wheezing  at  the  age  of  six  years  (Rusconi  et  al.  2007),  and  Risnes  et  al.  (2011)  found  that  the  risk  of  
asthma  was  increased  over  threefold  among  children  of  mothers  with  diabetes  (Risnes  et  al.  2011).  
Pooled  analysis  did  not  reveal  such  an  effect  (Zugna  et  al.  2015).  
        In  a   recent   study,  maternal   anemia   (defined  as  hemoglobin   level   <  110  g/l  during  pregnancy)  
was  demonstrated  to  double  the  risk  of  wheezing  in  childhood,  and,  further,  it  tripled  the  risk  of  
asthma  at  the  age  of  six  (Triche  et  al.  2011).  Again,  maternal  severe  iron  deficiency  anemia  is  an  
evident   risk   factor   as   regards   premature   birth   (Zhang   et   al.   2009,   Räisänen   et   al.   2014)   and  
intrauterine  growth   retardation   (Triche  et   al.   2011,  Capra  et   al.   2013)   is   also  associated  with   the  
development  of  asthma  among  offspring.    
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2.2.1.4  Maternal  age  and  parity  
A   recent   study   revealed   a   protective   effect   of   advanced   maternal   age   on   the   development   of  
asthma   among   offspring   (Aspberg   et   al.   2010),   but   this   has   not   been   studied   extensively.   One  
possible   reason   for   this   might   be   that   in   some   studies,   parity   and   maternal   age   have   been  
evaluated  separately  and  in  other  studies  maternal  age  has  not  been  included  at  all  in  analysis  as  a  
result   of   inter-­‐‑correlation   relationships  with   parity.   Further,   maternal   age   is   clearly   interlinked  
with  maternal  SES  (Metsälä  et  al.  2008,  Ruijsbroek  et  al.  2011,  Ekblad  et  al.  2014).    
        The   effect   of   maternal   parity   on   asthma   among   offspring   is   controversial,   since   some  
investigators   have   found   that   higher   parity   is   associated   with   an   increased   risk   of   asthma,  
especially   in   early   infancy   (Metsälä   et   al.   2008),   while   others   have   concluded   that   the   risk   of  
childhood  asthma  is  lower  in  families  with  many  siblings  (Karmaus,  Botezan  2002,  Midodzi  et  al.  
2010).  One  of  the  possible  protecting  mediators  of  higher  parity  is  that  older  siblings  increase  the  
likelihood  of  early  infection  in  offspring,  which,  according  to  the  hygiene  hypothesis,  reduces  the  
risk  of  asthma  development  (Daley  2014).  
2.2.1.5  Maternal  obesity  and  subfertility  
Maternal   obesity   and   overweight   have   increased   considerably   in   recent   decades   worsening  
women’s  health.  In  2013,  every  third  (35%)  pregnant  woman  in  Finland  was  overweight  (BMI  ≥  25  
kg/m2)   and   13%   of   women   were   obese   (BMI   ≥   30   kg/m2)   (THL   10/2014).   Obesity   is   clearly  
associated   with   increased   obstetric   risks   and   adverse   obstetric   outcome   in   a   BMI-­‐‑dependent  
manner   (Raatikainen   et   al.   2006).   In   addition,   maternal   obesity   is   associated   with   other  
reproductive   sequelae   including   subfertility   and   infertility   (Kyrou   et   al.   2000),   increased   risk   of  
miscarriages  (Talmor,  Dunphy  2014)  and  poor  maternal  and  neonatal  outcomes  (Crane  et  al.  2013,  
Marchi  et  al.  2015).  Some  results  have  shown  that  maternal  obesity,  metabolic  syndrome  prior  to  
pregnancy  (Britt  et  al.  2013,  Forno  et  al.  2014)  and  gestational  weight  gain  (Halonen  et  al.  2013)  are  
associated  with   increased   risks  of  non-­‐‑atopic   asthma  and  wheezing  among  offspring,   especially  
among  children  of  non-­‐‑asthmatic  mothers  (Forno  et  al.  2014).  Maternal  obesity  is  also  associated  
with   increased   risks   of   gestational   hypertensive   disorders,   gestational   diabetes  mellitus   (GDM)  
(Shin,  Song  2014)  and  need  of  operative  delivery,  and  thus  it  indirectly  increases  the  risk  of  asthma  
(Cedergren   2004,   Forno   et   al.   2014).   The  mechanisms  behind   these   associations   are  unclear,   but  
they  might  be  connected  to  a  chronic  inflammatory  state  in  obesity  (Fantuzzi  2005)  or  differences  
in  maternal  dietary  patterns  during  pregnancy  (Kumar  2008a,  Maslova  et  al.  2013a,  Maslova  et  al.  
2013b).  In  contrast,  maternal  underweight  and  low  gestational  weight  gain  have  not  been  found  to  
increase  or  decrease  the  risk  of  asthma  among  offspring  (Forno  et  al.  2014).  
        Infertility   is   the   result   of   several   factors.   Advanced   maternal   age,   obesity   and   smoking  
independently  impair  fecundity.  A  recent  large  Swedish  birth  register  study  revealed  an  increased  
risk  of  asthma  in  children  of  parents  with  earlier  reported  sub-­‐‑  and  infertility  problems  (Finnström  
et   al.   2011,   Källen   et   al.   2013b).   Similarly,   Metsälä   and   associates   showed   in   a   large   Finnish  
register-­‐‑based   case-­‐‑control   study   that   the   number   of   previous   miscarriages   before   an   index  
pregnancy   was   associated   with   an   increased   risk   of   asthma   among   offspring,   even   after  
controlling  for  confounding  factors  (Metsälä  et  al.  2008).  Furthermore,  the  results  of  many  recent  
studies  have  strengthened  this  association,  also  showing  that  the  prevalence  of  asthma  is  higher  in  
children  conceived  by  way  of  in  vitro  fertilization  (IVF)  (Ericson  et  al.  2002,  Finnström  et  al.  2011,  
Carson  et  al.  2013,  Källen  et  al.  2013b).  The  reason  for  the  link  between  parental  subfertility  and  
risk   of   asthma   among   offspring   is   still   largely   unknown,   but   it   is   possible   that   some   genetic  
component,   epigenetic   regulation   or   stress-­‐‑enhanced   programming   might   be   the   underlying  
reason  for  asthma  susceptibility  (Guibas  et  al.  2013,  Källen  et  al.  2013b).    
        Table   3   summarizes   studies   concerning   the   association   between  maternal   characteristics   and  
risk  of  asthma  among  offspring.  
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Table 3. Summary of studies concerning the association between maternal characteristics and risk of
asthma among offspring.
Maternal characteristics Year N/Studies Age	  (years) aOR 95% CI
Maternal asthma
Metsälä et al. 2008 13 679 0–9 3.41 3.1–3.8
Maternal hypertension/pre-
eclampsia
Rusconi et al. 2007 15 609 6–7 1.472 1.06–2.01
Maternal obesity (BMI ≥ 30 kg/m2)
Forno et al. (review) 2014 108 321 1–16 1.313 1.16–1.49
IVF pregnancy
Finnstöm et al. 2011 14 126 2–6 1.284 1.21–1.35
High gestational weight gain
(>15–20 kg)
Forno et al. (review) 2014 108 321 1–16 1.163 1.00–1.34
Maternal smoking
Jaakkola, Gissler 2004 58 841 0–7 1.355 1.13–1.62
Burke et al. (review) 2012 2 studies ≤ 2 2.47 0.65–9.39
4 studies 3–4 1.05 0.88–1.25
8 studies 5–18 1.20 0.98–1.44
Maternal anemia
Triche et al. 2011 597 0–6 1.606 0.83–3.07
Maternal parity (≥ 2 siblings)
Midodzi et al. 2010 8499 2–5 0.797 0.64–0.97
Maternal depression and anxiety
Cookson et al. 2009 5810 7.5 1.648 1.25–2.17
Maternal lower SES
Midodzi et al. 2010 8499 2–5 1.357 1.01–1.82
Gong et al. 2014 211 520 0–5 aHR 1.329 1.18–1.47
1) Adjusted for maternal smoking during pregnancy, previous miscarriages, previous deliveries, mode of delivery,
gestational age at birth, ponderal index and the interaction term (maternal age × number of previous deliveries).
2) Adjusted for study center, parental history of asthma or atopy, maternal smoking in pregnancy, sex of the child,
low birth weight (less than 2,500 g), siblings, maternal age, socioeconomic status (parental schooling, mold or
damp in child's bedroom during the first year of life), season of the questionnaire's completion, and the person
who completed the questionnaire (i.e., the mother alone or together with the father).
3) Adjusted for maternal age, race, and smoking exposure.
4) Adjusted for year of birth and maternal age, parity, smoking in early pregnancy, body mass index and number
of previous miscarriages.
5) Adjusted for gender, birth weight and gestational age, birth order and maternal age, marital status and 
occupation.
6) Adjusted for gender, NICU placement at birth, preterm delivery, intrauterine growth restriction, number of
children in the household, and maternal asthma, allergies, race/ethnicity, education, pre-pregnancy BMI, smoking
in pregnancy, folate supplementation in first trimester, duration of breastfeeding (months), and environmental
exposures in the first and fifth years of life (smoking, pets, mold, gas stove in home), and daycare attendance (1st
year).
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Table 3. Summary of studies concerning the association between maternal characteristics and risk of 
asthma among offspring.  
	   	   	   	   	   	  Maternal characteristics Year N/Studies Age	  (years)	   aOR 95% CI  
      Maternal asthma 
     Metsälä et al.   2008 13 679  0–9  3.41 3.1–3.8 
Maternal hypertension/pre-
eclampsia 
     Rusconi et al. 2007 15 609  6–7  1.472 1.06–2.01 
Maternal obesity (BMI ≥ 30 kg/m2) 
     Forno et al. (review) 2014 108 321  1–16  1.313 1.16–1.49 
IVF pregnancy 
     Finnstöm et al.   2011 14 126  2–6  1.284 1.21–1.35 
High gestational weight gain    
(>15–20 kg) 
     Forno et al. (review) 2014 108 321  1–16  1.163 1.00–1.34 
Maternal smoking 
     Jaakkola, Gissler  2004 58 841  0–7  1.355 1.13–1.62 
Burke et al. (review) 2012 2 studies ≤ 2  2.47 0.65–9.39 
  
4 studies  3–4  1.05 0.88–1.25 
  
8 studies  5–18  1.20 0.98–1.44 
Maternal anemia 
     Triche et al.  2011 597  0–6  1.606 0.83–3.07 
Maternal parity (≥ 2 siblings) 
     Midodzi et al.  2010 8499  2–5  0.797 0.64–0.97 
Maternal depression and anxiety 
     Cookson et al.  2009 5810  7.5  1.648 1.25–2.17 
Maternal lower SES 
     Midodzi et al.  2010 8499  2–5  1.357 1.01–1.82 
      
                           Gong et al.  2014 211 520  0–5 aHR 1.329 1.18–1.47 
      
	   	   	   	   	   	  1) Adjusted for maternal smoking during pregnancy, previous miscarriages, previous deliveries, mode of delivery, 
gestational age at birth, ponderal index and the interaction term (maternal age × number of previous deliveries). 
2) Adjusted for study center, parental history of asthma or atopy, maternal smoking in pregnancy, sex of the child, 
low birth weight (less than 2,500 g), siblings, maternal age, socioeconomic status (parental schooling, mold or 
damp in child's bedroom during the first year of life), season of the questionnaire's completion, and the person 
who completed the questionnaire (i.e., the mother alone or together with the father). 
3) Adjusted for maternal age, race, and smoking exposure. 
4) Adjusted for year of birth and maternal age, parity, smoking in early pregnancy, body mass index and number 
of previous miscarriages.  
5) Adjusted for gender, birth weight and gestational age, birth order and maternal age, marital status and 
occupation.  
6) Adjusted for gender, NICU placement at birth, preterm delivery, intrauterine growth restriction, number of 
children in the household, and maternal asthma, allergies, race/ethnicity, education, pre-pregnancy BMI, smoking 
in pregnancy, folate supplementation in first trimester, duration of breastfeeding (months), and environmental 
exposures in the first and fifth years of life (smoking, pets, mold, gas stove in home), and daycare attendance (1st 
year). 
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7) Adjusted for parental smoking and atopy, maternal diseases, age and SES, gestational age at birth, CS, low
birth weight, gender, breastfeeding, history of wheezing, allergy or infection, early daycare attendance,
geographic region at birth.
8) Adjusted for maternal age, education, history of asthma or allergy, and smoking during pregnancy, maternal
health problems during pregnancy (hypertension, diabetes, and steroid prescription), multiple pregnancy, and the
child's sex, gestation, and birth weight.
9) Adjusted for child’s gender, low birth weight, preterm birth, maternal age, parity and smoking and marital
status during pregnancy, healthcare regions, and metropolitan areas.
2.2.2  Pregnancy  and  delivery  characteristics  
2.2.2.1  Gestational  age  
Gestational   age   at   the   time   of   delivery   is   one   of   the  most   significant   perinatal   determinants   of  
asthma  among  offspring;  the  risk  of  asthma  increases  as  gestational  age  decreases  (Jaakkola  et  al.  
2006,  Goyal   et   al.   2011).  Premature  birth  may  be   associated  with   intrauterine   infection,  preterm  
ruptured   fetal   membranes,   cervical   insufficiency,   maternal   preeclampsia   or   an   SGA   infant.  
Further,   premature   birth   may   be   connected   to   maternal   obesity,   smoking   or   other   social   and  
health  problems  during  pregnancy  (Spong  et  al.  2011,  Carter  et  al.  2011).  Most  of  these  factors  are  
also  associated  with  an  increased  risk  of  childhood  asthma  (Rusconi  et  al.  2007,  Ruijsbroek  et  al.  
2011,  Forno  et  al.  2014).  A  recent  review  showed  that  children  born  very  preterm  (<  32  GWs)  had  a  
threefold  increased  risk  of  asthma  compared  with  those  born  at  term  (≥37  GWs)  (Been  et  al.  2014).  
Goyal   and   associates   observed   that   those   born   late   preterm   (34–36   GWs)   had   more   severe  
asthmatic  disease  and  higher  re-­‐‑hospitalization  rates  in  their  first  year  of  life  compared  with  those  
born  at  term  (Goyal  et  al.  2011).  The  risk  of  asthma  and  other  adverse  respiratory  and  other  health  
outcomes   remained   higher   even   among   children   born   early   term   (37–38   GWs)   compared  with  
those   born   after   term   (Goyal   et   al.   2011,   Boyle   et   al.   2012).   Such   a   difference   was   especially  
emphasized  among  children  born  by  repeat  cesarean  delivery  (Tita  et  al.  2009)  Further,  a  higher  
rates   of   neonatal  morbidities  was      among   those   newborn  with  documented   fetal   lung  maturity  
(Kamath   et   al.   2011).   Further,   elective   induction   of   labor   at   37–38  GWs  was   associated  with   an  
increased  risk  of  neonatal  hyperbilirubinemia,  which  is  one  of  the  predisposing  factors  of  icterus  
and  need   of   phototherapy   (Darney   et   al.   2013),   both   factors   reported   as   possible   risk   factors   of  
later  childhood  asthma  (Das,  Naik  2014).  In  contrast,  a  recent  Finnish  study  revealed  that  preterm  
birth   and   very   low   birth   weight   were   associated   with   a   lower   incidence   of   atopy   in   early  
adulthood  compared  with  infants  born  full-­‐‑term  (Siltanen  et  al.  2011).  
2.2.2.2  Mode  of  delivery	  
A  meta-­‐‑analysis  of  23  studies  showed  that  children  and  adults  born  by  cesarean  section  (CS)  have  
a  20%  higher  risk  of  developing  asthma  (Cho,  Norman  2013).  The  cumulative  incidence  of  asthma  
was  shown  to  be  especially  high  among  asthmatics  with  an  atopic  phenotype   (Kero  et  al.  2002).  
Further,  the  risk  of  asthma  among  children  born  by  CS  (Kero  et  al.  2002,  Bager  et  al.  2003,  Salam  et  
al.   2006)   was   increased   regardless   of   family   history   of   asthma,   although   others   have   reported  
conflicting  findings  (Maitra  et  al.  2004,  Bernsen  et  al.  2005,  Pyrhönen  et  al.  2013).  In  a  recent  review  
by  Cho  and  Norman   it  was  concluded   that  elective  CS  was  associated  with  aberrant   short-­‐‑term  
immune  responses  in  the  newborn,  and  also  a  greater  risk  of  developing  immunological  diseases  
such  as   asthma,   allergies,   celiac  disease  and  diabetes   type   I   (Cho,  Norman  2013).  The   increased  
risk   of   asthma   in   children   born   by   CS   may   be   explained   by   the   “hygiene   hypothesis”   or   the  
modified   “microflora   hypothesis”,   where   colonization   of   the   offspring’s   gut   is   disrupted.   Such  
altered  colonization  may  occur  in  CS  deliveries  and  among  children  exposed  to  antibiotics  during  
or  after  delivery.  This  in  turn  alters  development  of  the  immune  system  towards  allergic  diseases  
compared  with  those  exposed  to  vaginal  flora  during  delivery  (Salminen  et  al.  2004,  Neu,  Rushing  
2011,  Kim  et  al.  2014).  Furthermore,  Schlinzig  and  associates  showed  that   the  DNA  methylation  
rate   was   higher   in   umbilical   cord   blood   samples   among   infants   delivered   by   CS,   indicating  
possible   epigenetic   modulation   at   birth   (Schlinzig   et   al.   2009).   It   is   also   possible   that   stressful  
episodes  either  before  or  following  CS  might  predispose  children  to  asthma  compared  with  those  
born   by   the   vaginal   route.   Correspondingly,   indications   for   CS   delivery   are   diverse,   and,  
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interestingly,   the   highest   rate   of   asthma   among   offspring   is   reported   in   those   children   born   by  
emergency   CS (Annesi-­‐‑Maesano   et   al.   2001,   Subbarao   et   al.   2009,   Almqvist   et   al.   2012).
Furthermore,   it   is  well  known  that  newborns born  by  CS have  more  respiratory  and  adaptation  
problems  after  birth  compared  with those  born  vaginally  (Levine  et  al.  2001).  
Other  obstetric  procedures,  such  as breech  and  forceps  delivery  (Xu  et  al.  2000) or  delivery by  
vacuum   extraction   have been   associated   with   an increased   risk   of   developing asthma (Keski-­‐‑
Nisula   et   al.   2009a) and   allergy   (Bernsen   et   al.   2005) compared   with those   children   born  
spontaneously. It  has  been proposed that  high  maternal   cortisol   levels  during   stressful  delivery
may prime the   fetal   immune   system   toward a   more atopic   type in   such   deliveries (Annesi-­‐‑
Maesano  et  al.  2001,  Vonk  et  al.  2004,  Bernsen  et  al.  2005,  Keski-­‐‑Nisula  et  al.  2010).  Associations
between induced  and prolonged  labor in  relation  to  childhood  asthma  are conflicting,  since  most  
studies have   lacked   consideration   of   several confounders.   Several well-­‐‑known   risk   factors   of  
childhood  asthma,  such  as indication  of  induction  because  of  PROM,  chorioamnionitis  or  maternal  
diseases  have not  been   taken   into  account (Bernsen  et  al.  2005,  Algert  et  al.  2011).  Nevertheless,  
new   results   have   provided further   strong   evidence   of   positive   associations between   perinatal  
events and  the  risk  of  childhood  asthma and  allergy and  confirm the  idea  that  the  early-­‐‑life  period  
might have  an important  role  in  long-­‐‑term  immunological  development (Barker  2007,  Henderson,  
Warner  2012,  Capra  et  al.  2013).
2.2.2.3  Fetal  growth
Appropriate  intrauterine  growth  is  essential  for  fetal  development  and  is  a  critical  contributor  to  
long-­‐‑term   health.   At   least   three   systematic   reviews   have   reported   an association   between   low  
birth   weight   and   risk   of   wheezing   or   development   of   asthma   during   childhood   (Flaherman,  
Rutherford  2006,  Mu  et  al.  2014,  Mebrahtu  et  al.  2015). Among  preterm  infants,  those  born  smaller  
are   at   a   higher   risk   of developing   chronic   lung   disease   compared  with those   born   at   a  weight  
appropriate   for   gestational   age   (Sharma   et   al.   2004).   These   results confirm   that   the   underlying  
mechanism  predisposing  an  individual  to  asthma  might  be something  other  than  just prematurity.  
Limited fetal   lung   growth   and  maturation   is   frequently   due   to   placental   insufficiency   and   this  
might   lead to   greater vulnerability   to   postnatal   insults (Tedner   et   al.   2012,   Britt   et al.   2013).  
Moreover,   in   a   recent   review   article   it   was   concluded   that   rapid   catch-­‐‑up   growth   after   IUGR  
predisposes a   child   to impaired   lung   function   and   asthma   (Tedner   et   al.   2012).   However,   it   is  
unknown  whether fetal   growth   restriction  or   the   rapid   catch-­‐‑up  postnatally   is   the predisposing  
factor  as  regards disease  development.
Conflicting evidence  exists  concerning the  association  between  high  birth  weight and wheezing  
or  development  of  asthma  during  childhood  (Flaherman,  Rutherford  2006,  Mebrahtu  et  al.  2015).
2.2.2.4  Maternal  infections  during  pregnancy
Maternal   infections   during   pregnancy   may   have   complex   consequences   for   a   child’s   further  
health, increasing  the incidence  of  childhood  asthma,  for  example (Xu  et  al.  1999,  McKeever  et  al.  
2002,  Britt  et  al.  2013,  Illi  et  al.  2014).  In  many  retrospective  population-­‐‑ and  register-­‐‑based studies,  
as  well   as  prospective   birth   cohort   studies, early  wheezing   and   asthma  have  been   shown   to   be  
more   common among   children   of   mothers   with   urinary   tract   infections during   pregnancy  
(Rusconi   et   al.   2007,  Algert   et   al.   2011,  Collier   et   al.   2013,   Britt   et   al.   2013).   Recurrent   or   severe
urinary   tract infections   have   been observed   to   have   an   even   greater   impact   on asthma  
development (Collier   et   al.   2013,   Britt   et   al.   2013).   Furthermore,   maternal   flu   episodes   during  
pregnancy (Calvani  et  al.  2004,  Illi  et  al.  2014) or  any  febrile  infections  occurring   either  earlier  or  in  
the  third  trimester increase  the  risk  of  childhood asthma (Calvani  et  al.  2004,  Kumar  et  al.  2008b).  
The   association   between   chorioamnionitis   and   childhood   asthma   is   controversial,   since   some  
studies   have   shown   an   increased   risk   of   asthma   among   children   after   preterm   deliveries  
complicated  by chorioamnionitis  (Rusconi  et  al.  2007,  Kumar  et  al.  2008b,  Getahun  et  al.  2010), but  
among  full-­‐‑term  pregnancies  the  risk  of  childhood  asthma  no  longer  appears  to  exist  (Getahun  et  
al.   2010,   Collier et   al.   2013).   In   preterm   deliveries,   chorioamnionitis   is   suspected   to   activate
pathways  that contribute  to  airway  remodeling in  the fetus.  This  indicates that timing  and  severity  
of   infection   may   have   a   greater   potential   to   impact   on immunologic,   inflammatory   and   lung  
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7) Adjusted for parental smoking and atopy, maternal diseases, age and SES, gestational age at birth, CS, low 
birth weight, gender, breastfeeding, history of wheezing, allergy or infection, early daycare attendance, 
geographic region at birth. 
8) Adjusted for maternal age, education, history of asthma or allergy, and smoking during pregnancy, maternal 
health problems during pregnancy (hypertension, diabetes, and steroid prescription), multiple pregnancy, and the 
child's sex, gestation, and birth weight.  
9) Adjusted for child’s gender, low birth weight, preterm birth, maternal age, parity and smoking and marital 
status during pregnancy, healthcare regions, and metropolitan areas. 
2.2.2  Pregnancy  and  delivery  characteristics  
2.2.2.1  Gestational  age  
Gestational   age   at   the   time   of   delivery   is   one   of   the  most   significant   perinatal   determinants   of  
asthma  among  offspring;  the  risk  of  asthma  increases  as  gestational  age  decreases  (Jaakkola  et  al.  
2006,  Goyal   et   al.   2011).  Premature  birth  may  be   associated  with   intrauterine   infection,  preterm  
ruptured   fetal   membranes,   cervical   insufficiency,   maternal   preeclampsia   or   an   SGA   infant.  
Further,   premature   birth   may   be   connected   to   maternal   obesity,   smoking   or   other   social   and  
health  problems  during  pregnancy  (Spong  et  al.  2011,  Carter  et  al.  2011).  Most  of  these  factors  are  
also  associated  with  an  increased  risk  of  childhood  asthma  (Rusconi  et  al.  2007,  Ruijsbroek  et  al.  
2011,  Forno  et  al.  2014).  A  recent  review  showed  that  children  born  very  preterm  (<  32  GWs)  had  a  
threefold  increased  risk  of  asthma  compared  with  those  born  at  term  (≥37  GWs)  (Been  et  al.  2014).  
Goyal   and   associates   observed   that   those   born   late   preterm   (34–36   GWs)   had   more   severe  
asthmatic  disease  and  higher  re-­‐‑hospitalization  rates  in  their  first  year  of  life  compared  with  those  
born  at  term  (Goyal  et  al.  2011).  The  risk  of  asthma  and  other  adverse  respiratory  and  other  health  
outcomes   remained   higher   even   among   children   born   early   term   (37–38   GWs)   compared  with  
those   born   after   term   (Goyal   et   al.   2011,   Boyle   et   al.   2012).   Such   a   difference   was   especially  
emphasized  among  children  born  by  repeat  cesarean  delivery  (Tita  et  al.  2009)  Further,  a  higher  
rates   of   neonatal  morbidities  was      among   those   newborn  with  documented   fetal   lung  maturity      
(Kamath   et   al.   2011).   Further,   elective   induction   of   labor   at   37–38  GWs  was   associated  with   an  
increased  risk  of  neonatal  hyperbilirubinemia,  which  is  one  of  the  predisposing  factors  of  icterus  
and  need   of   phototherapy   (Darney   et   al.   2013),   both   factors   reported   as   possible   risk   factors   of  
later  childhood  asthma  (Das,  Naik  2014).  In  contrast,  a  recent  Finnish  study  revealed  that  preterm  
birth   and   very   low   birth   weight   were   associated   with   a   lower   incidence   of   atopy   in   early  
adulthood  compared  with  infants  born  full-­‐‑term  (Siltanen  et  al.  2011).  
  
2.2.2.2  Mode  of  delivery	  
A  meta-­‐‑analysis  of  23  studies  showed  that  children  and  adults  born  by  cesarean  section  (CS)  have  
a  20%  higher  risk  of  developing  asthma  (Cho,  Norman  2013).  The  cumulative  incidence  of  asthma  
was  shown  to  be  especially  high  among  asthmatics  with  an  atopic  phenotype   (Kero  et  al.  2002).  
Further,  the  risk  of  asthma  among  children  born  by  CS  (Kero  et  al.  2002,  Bager  et  al.  2003,  Salam  et  
al.   2006)   was   increased   regardless   of   family   history   of   asthma,   although   others   have   reported  
conflicting  findings  (Maitra  et  al.  2004,  Bernsen  et  al.  2005,  Pyrhönen  et  al.  2013).  In  a  recent  review  
by  Cho  and  Norman   it  was  concluded   that  elective  CS  was  associated  with  aberrant   short-­‐‑term  
immune  responses  in  the  newborn,  and  also  a  greater  risk  of  developing  immunological  diseases  
such  as   asthma,   allergies,   celiac  disease  and  diabetes   type   I   (Cho,  Norman  2013).  The   increased  
risk   of   asthma   in   children   born   by   CS   may   be   explained   by   the   “hygiene   hypothesis”   or   the  
modified   “microflora   hypothesis”,   where   colonization   of   the   offspring’s   gut   is   disrupted.   Such  
altered  colonization  may  occur  in  CS  deliveries  and  among  children  exposed  to  antibiotics  during  
or  after  delivery.  This  in  turn  alters  development  of  the  immune  system  towards  allergic  diseases  
compared  with  those  exposed  to  vaginal  flora  during  delivery  (Salminen  et  al.  2004,  Neu,  Rushing  
2011,  Kim  et  al.  2014).  Furthermore,  Schlinzig  and  associates  showed  that   the  DNA  methylation  
rate   was   higher   in   umbilical   cord   blood   samples   among   infants   delivered   by   CS,   indicating  
possible   epigenetic   modulation   at   birth   (Schlinzig   et   al.   2009).   It   is   also   possible   that   stressful  
episodes  either  before  or  following  CS  might  predispose  children  to  asthma  compared  with  those  
born   by   the   vaginal   route.   Correspondingly,   indications   for   CS   delivery   are   diverse,   and,  
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interestingly,   the   highest   rate   of   asthma   among   offspring   is   reported   in   those   children   born   by  
emergency   CS   (Annesi-­‐‑Maesano   et   al.   2001,   Subbarao   et   al.   2009,   Almqvist   et   al.   2012).  
Furthermore,   it   is  well  known  that  newborns  born  by  CS  have  more  respiratory  and  adaptation  
problems  after  birth  compared  with  those  born  vaginally  (Levine  et  al.  2001).    
        Other  obstetric  procedures,  such  as  breech  and  forceps  delivery  (Xu  et  al.  2000)  or  delivery  by  
vacuum   extraction   have   been   associated   with   an   increased   risk   of   developing   asthma   (Keski-­‐‑
Nisula   et   al.   2009a)   and   allergy   (Bernsen   et   al.   2005)   compared   with   those   children   born  
spontaneously.   It  has  been  proposed   that  high  maternal   cortisol   levels  during   stressful  delivery  
may   prime   the   fetal   immune   system   toward   a   more   atopic   type   in   such   deliveries   (Annesi-­‐‑
Maesano  et  al.  2001,  Vonk  et  al.  2004,  Bernsen  et  al.  2005,  Keski-­‐‑Nisula  et  al.  2010).  Associations  
between	  induced  and  prolonged  labor  in  relation  to  childhood  asthma  are  conflicting,  since  most  
studies   have   lacked   consideration   of   several   confounders.   Several   well-­‐‑known   risk   factors   of  
childhood  asthma,  such  as  indication  of  induction  because  of  PROM,  chorioamnionitis  or  maternal  
diseases  have  not  been   taken   into  account   (Bernsen  et  al.  2005,  Algert  et  al.  2011).  Nevertheless,  
new   results   have   provided   further   strong   evidence   of   positive   associations   between   perinatal  
events  and  the  risk  of  childhood  asthma  and  allergy  and  confirm  the  idea  that  the  early-­‐‑life  period  
might  have  an  important  role  in  long-­‐‑term  immunological  development  (Barker  2007,  Henderson,  
Warner  2012,  Capra  et  al.  2013).    
  
2.2.2.3  Fetal  growth  
Appropriate  intrauterine  growth  is  essential  for  fetal  development  and  is  a  critical  contributor  to  
long-­‐‑term   health.   At   least   three   systematic   reviews   have   reported   an   association   between   low  
birth   weight   and   risk   of   wheezing   or   development   of   asthma   during   childhood   (Flaherman,  
Rutherford  2006,  Mu  et  al.  2014,  Mebrahtu  et  al.  2015).  Among  preterm  infants,  those  born  smaller  
are   at   a   higher   risk   of   developing   chronic   lung   disease   compared  with   those   born   at   a  weight  
appropriate   for   gestational   age   (Sharma   et   al.   2004).   These   results   confirm   that   the   underlying  
mechanism  predisposing  an  individual  to  asthma  might  be  something  other  than  just  prematurity.  
Limited   fetal   lung   growth   and  maturation   is   frequently   due   to   placental   insufficiency   and   this  
might   lead   to   greater   vulnerability   to   postnatal   insults   (Tedner   et   al.   2012,   Britt   et   al.   2013).  
Moreover,   in   a   recent   review   article   it   was   concluded   that   rapid   catch-­‐‑up   growth   after   IUGR  
predisposes   a   child   to   impaired   lung   function   and   asthma   (Tedner   et   al.   2012).   However,   it   is  
unknown  whether   fetal   growth   restriction  or   the   rapid   catch-­‐‑up  postnatally   is   the  predisposing  
factor  as  regards  disease  development.  
        Conflicting  evidence  exists  concerning  the  association  between  high  birth  weight  and  wheezing  
or  development  of  asthma  during  childhood  (Flaherman,  Rutherford  2006,  Mebrahtu  et  al.  2015).  
  
2.2.2.4  Maternal  infections  during  pregnancy  
Maternal   infections   during   pregnancy   may   have   complex   consequences   for   a   child’s   further  
health,  increasing  the  incidence  of  childhood  asthma,  for  example  (Xu  et  al.  1999,  McKeever  et  al.  
2002,  Britt  et  al.  2013,  Illi  et  al.  2014).  In  many  retrospective  population-­‐‑  and  register-­‐‑based  studies,  
as  well   as  prospective   birth   cohort   studies,   early  wheezing   and   asthma  have  been   shown   to   be  
more   common   among   children   of   mothers   with   urinary   tract   infections   during   pregnancy  
(Rusconi   et   al.   2007,  Algert   et   al.   2011,  Collier   et   al.   2013,   Britt   et   al.   2013).   Recurrent   or   severe  
urinary   tract   infections   have   been   observed   to   have   an   even   greater   impact   on   asthma  
development   (Collier   et   al.   2013,   Britt   et   al.   2013).   Furthermore,   maternal   flu   episodes   during  
pregnancy  (Calvani  et  al.  2004,  Illi  et  al.  2014)  or  any  febrile  infections  occurring    either  earlier  or  in  
the  third  trimester  increase  the  risk  of  childhood  asthma  (Calvani  et  al.  2004,  Kumar  et  al.  2008b).  
The   association   between   chorioamnionitis   and   childhood   asthma   is   controversial,   since   some  
studies   have   shown   an   increased   risk   of   asthma   among   children   after   preterm   deliveries  
complicated  by  chorioamnionitis  (Rusconi  et  al.  2007,  Kumar  et  al.  2008b,  Getahun  et  al.  2010),  but  
among  full-­‐‑term  pregnancies  the  risk  of  childhood  asthma  no  longer  appears  to  exist  (Getahun  et  
al.   2010,   Collier   et   al.   2013).   In   preterm   deliveries,   chorioamnionitis   is   suspected   to   activate  
pathways  that  contribute  to  airway  remodeling  in  the  fetus.  This  indicates  that  timing  and  severity  
of   infection   may   have   a   greater   potential   to   impact   on   immunologic,   inflammatory   and   lung  
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development   among   offspring   than   acute   episodes   near   delivery   (Britt   et   al.   2013,  Collier   et   al.  
2013).  In  a  small  prospectively  collected  Finnish  birth  cohort  study  it  was  shown  that  the  duration  
of  time  after  rupture  of  the  membranes  before  birth  was  associated  positively  with  the  risk  of  early  
wheezing   among   offspring   (Keski-­‐‑Nisula   et   al.   2010).   In   a   recent   study   it   was   shown   that   the  
prevalence   of   asthma   was   higher   among   teenagers   whose   mothers   had   isolated   Streptococcus  
species  or  anaerobic  bacteria  in  amniotic  or  intrauterine  cultures  at  the  time  of  CS  14  to  16  years  
earlier   (Keski-­‐‑Nisula   et   al.   2009b),   the   results   being   in   line  with   those   of   two   earlier   published  
studies  (Kumar  2008a,  Getahun  et  al.  2010).    
2.2.2.5  Maternal  nutrition  and  medication  
Administration  of  antibiotics  during  the  pre-­‐‑  or  postnatal  period  has  been  shown  to  increase  the  
risk  of  childhood  asthma  (Rusconi  et  al.  2007,  Murk  et  al.  2011,  Collier  et  al.  2013,  Stensballe  et  al.  
2013)  and  the  strongest  association  has  been  observed  as  regards  cephalosporin  in  both  maternal  
and   children’s   use   (Metsälä   et   al.   2014).   Conversely,   results   from   a   large   randomized   trial,  
ORACLE,  showed  that   it  was  merely  prenatal   infection  rather   than  administration  of  antibiotics  
that  was  responsible  for  the  risk  of  childhood  asthma  (Kenyon  et  al.  2008,  Algert  et  al.  2011).  Other  
medicines   given   during   pregnancy,   including   opioids,   drugs   for   gastro-­‐‑esophageal   reflux  
(Dehlink   et   al.   2009,  Källen   et   al.   2013a)   and  vitamin  K  may  also   increase   the   risk  of   childhood  
asthma,  whereas  protective  effects  have  been  suggested  as  regards  maternal  intake  of  vitamins  A,  
E  (Capra  et  al.  2013)  and  D  (Britt  et  al.  2013),  as  well  as  a  diet  including  fruit  and  vegetables  (Capra  
et  al.  2013).  Antenatal  corticosteroid  therapy  has  been  shown  to  be  an  independent  risk  factor  of  
asthma  in  children  aged  three  to  six  years  (Pole  et  al.  2009,  Byrjalsen  et  al.  2014).  Maternal  intake  of  
paracetamol  during  pregnancy  (Eyers  et  al.  2011)  and  in  early  infancy  has  been  associated  with  a  
modest  but   consistent   risk  of  development  of   asthma  during  childhood,  with  a  dose-­‐‑dependent  
association,  possibly  via  epigenetic  processes  (Henderson,  Shaheen  2013).    
        Up  to  now,  no  usable  information  exists  concerning  the  possible  preventive  action  of  maternal  
diet  against  the  development  of  asthma  among  offspring.  The  Mediterranean  diet,  including  fruit,  
vegetables,   whole   grains,   good   oil   and   fish   in   children   may   prevent   asthma   or   wheezing,   but  
randomized  controlled  trials  are  lacking  (Nurmatov  et  al.  2011,  Lv  et  al.  2014).  
    Table  4  summarizes  studies  concerning  the  association  between  pregnancy  and  delivery  factors  
and  risk  of  asthma  among  offspring.  
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Table 4. Summary of studies concerning the association between pregnancy and 
delivery factors and risk of asthma among offspring.
Prenatal risk factors Year N/Studies Age	  (years) aOR
95% CI for
aOR
Maternal antibiotics during 
pregnancy (any kind of
infection)
Metsälä et al. 2014 6690 3–5 1.321 1.21–1.46
Maternal urinary tract
infection
Algert et al. 2011 240 511 2–5 1.492 1.23–1.79
Collier et al. 2013 1428 6 1.603 1.12–2.29
Antibiotics at delivery
Rusconi et al. 2007 15 609 6–7 1.034 0.81–1.30
Premature delivery
< 32+ 0 GWs
Boyle et al. 2012 18 818 5 2.95 1.9–4.6
Delivery < 37+ 0 GWs
Goyal et al. 2011 7925 1.5 1.266 0.92–1.73
Boyle et al. 2012 18 818 5 1.55 1.2–1.8
Induced labor
Algert et al. 2011 240 511 2–5 1.052 0.97–1.13
Pre-term PROM
Algert et al. 2011 240 511 2–5 1.232 1.04–1.45
Term PROM
Algert et al. 2011 240 511 2–5 1.062 0.97–1.16
Cesarean section
Kero et al. 2002 59 927 0–7 1.217 1.08–1.36
Bager et al. 2003 9751 20–28 1.298 0.99–1.68
Salam et al. 2006 3464 8–17 1.339 1.01–1.75
Assisted vaginal delivery
Bager et al. 2003 9751 20–28 1.218 0.90–1.62
Keski-Nisula et al. 2009(a) 5823 15–16 1.8110 1.22–2.68
1) Adjusted for maternal asthma and previous deliveries.
2) Adjusted for maternal asthma, age, parity, diseases, smoking, residence, SES, antenatal urinary tract infection
(UTI),  season of conception, PROM, induction of labor, CS, child's gender, gestational age at birth, SGA, LGA,
respiratory distress syndrome (RDS), jaundice, neonatal sepsis.
3) Adjusted for income, asthma severity, pre-gestational diabetes, low birth weight status, cockroaches in the
home and maternal smoking during pregnancy. Maternal asthma not included because of co-linearity with asthma 
severity.
4) Adjusted for study center, parental history of asthma or atopy, maternal smoking in pregnancy, sex of the child,
low birth weight (less than 2,500 g), siblings, maternal age at birth, SES (parental schooling, mold or damp in 
child's bedroom during his/her first year of life), season of the questionnaire's completion, and the person who 
completed the questionnaire (i.e., the mother alone or together with the father).
5) Adjusted for child’s sex, ethnicity, age at interview; for mother’s marital status, occupation, and age at
delivery; birth order, duration of breast feeding, and maternal smoking and alcohol intake during pregnancy.
6) Adjusted for delivery method, breastfeeding, gender, birth weight, atopy, race and SES.
7) Adjusted for maternal age, previous deliveries, child's sex and birth weight.
8) Adjusted for mode of delivery, gestational age, birth weight, ponderal index, SGA status, parity, and maternal
age.
9) Adjusted for age, sex, race, birth order, birth weight, community of residence, parental or guardian education,
health insurance coverage, parental history of asthma and allergy, exposure to smoking in utero, exposure to 
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development   among   offspring   than   acute   episodes   near   delivery   (Britt   et   al.   2013,  Collier   et   al.  
2013). In  a  small  prospectively  collected  Finnish  birth  cohort study  it  was  shown that  the  duration  
of  time  after  rupture  of the  membranes  before  birth  was  associated  positively with  the  risk  of  early  
wheezing among   offspring (Keski-­‐‑Nisula   et   al.   2010).   In   a recent   study   it   was   shown that   the
prevalence of   asthma was   higher   among   teenagers whose   mothers   had   isolated Streptococcus
species  or  anaerobic  bacteria  in  amniotic  or  intrauterine  cultures at  the  time  of  CS 14  to  16  years  
earlier   (Keski-­‐‑Nisula   et   al.   2009b), the   results being   in line  with   those   of   two   earlier published
studies (Kumar  2008a,  Getahun  et  al.  2010).
2.2.2.5  Maternal  nutrition  and  medication
Administration of  antibiotics  during  the  pre-­‐‑ or  postnatal period has  been shown  to  increase  the  
risk  of  childhood  asthma (Rusconi  et  al.  2007,  Murk  et  al.  2011,  Collier  et  al.  2013,  Stensballe  et  al.  
2013) and  the  strongest  association  has  been observed  as  regards cephalosporin  in both  maternal  
and   children’s use (Metsälä   et   al.   2014). Conversely,   results from   a   large   randomized trial,  
ORACLE, showed  that   it  was  merely  prenatal   infection  rather   than  administration  of  antibiotics  
that  was responsible  for  the  risk  of  childhood  asthma  (Kenyon  et  al.  2008,  Algert  et  al.  2011). Other  
medicines given   during   pregnancy, including opioids,   drugs   for   gastro-­‐‑esophageal   reflux  
(Dehlink   et   al.   2009,  Källen   et   al.   2013a) and  vitamin  K  may  also   increase   the risk  of   childhood  
asthma,  whereas protective  effects have been  suggested  as  regards maternal  intake  of  vitamins A,
E (Capra  et  al.  2013) and D  (Britt  et  al.  2013),  as  well  as  a  diet  including  fruit  and  vegetables (Capra  
et  al.  2013).  Antenatal  corticosteroid  therapy  has  been shown to  be  an  independent risk  factor  of  
asthma  in  children  aged  three to  six years (Pole  et  al.  2009,  Byrjalsen  et  al.  2014).  Maternal  intake  of
paracetamol during  pregnancy (Eyers  et  al.  2011) and  in  early  infancy  has been  associated  with  a
modest  but   consistent   risk  of  development  of   asthma  during  childhood, with  a  dose-­‐‑dependent  
association, possibly  via  epigenetic  processes (Henderson,  Shaheen  2013).
Up  to  now,  no  usable  information  exists  concerning the  possible  preventive  action  of  maternal  
diet  against  the  development  of  asthma  among  offspring.  The  Mediterranean  diet, including  fruit,  
vegetables,   whole   grains,   good   oil   and   fish   in   children   may   prevent   asthma   or   wheezing,   but  
randomized  controlled  trials  are  lacking (Nurmatov  et  al.  2011,  Lv  et  al.  2014).
Table  4  summarizes  studies  concerning  the association  between  pregnancy  and  delivery  factors  
and  risk  of  asthma  among  offspring.
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Table 4. Summary of studies concerning the association between pregnancy and 
delivery factors and risk of asthma among offspring. 
 
Prenatal risk factors Year N/Studies Age	  (years)	   aOR 
95% CI for 
aOR 
Maternal antibiotics during 
pregnancy (any kind of 
infection) 
Metsälä et al. 2014 6690  3–5  1.321 1.21–1.46 
Maternal urinary tract 
infection 
Algert et al. 2011 240 511  2–5  1.492 1.23–1.79 
Collier et al. 2013 1428 6  1.603 1.12–2.29 
Antibiotics at delivery 
Rusconi et al. 2007 15 609  6–7  1.034 0.81–1.30 
Premature delivery 
< 32+ 0 GWs 
Boyle et al. 2012 18 818 5 2.95 1.9–4.6 
Delivery < 37+ 0 GWs 
Goyal et al. 2011 7925 1.5  1.266 0.92–1.73 
Boyle et al. 2012 18 818 5  1.55 1.2–1.8 
Induced labor 
Algert et al. 2011 240 511  2–5  1.052 0.97–1.13 
Pre-term PROM 
Algert et al. 2011 240 511  2–5  1.232 1.04–1.45 
Term PROM 
Algert et al. 2011 240 511  2–5  1.062 0.97–1.16 
Cesarean section 
Kero et al. 2002 59 927  0–7  1.217 1.08–1.36 
Bager et al. 2003 9751 20–28  1.298 0.99–1.68 
Salam et al. 2006 3464  8–17  1.339 1.01–1.75 
Assisted vaginal delivery 
Bager et al. 2003 9751 20–28  1.218 0.90–1.62 
Keski-Nisula et al. 2009(a) 5823 15–16  1.8110 1.22–2.68 
1) Adjusted for maternal asthma and previous deliveries.
2) Adjusted for maternal asthma, age, parity, diseases, smoking, residence, SES, antenatal urinary tract infection
(UTI),  season of conception, PROM, induction of labor, CS, child's gender, gestational age at birth, SGA, LGA,
respiratory distress syndrome (RDS), jaundice, neonatal sepsis.
3) Adjusted for income, asthma severity, pre-gestational diabetes, low birth weight status, cockroaches in the
home and maternal smoking during pregnancy. Maternal asthma not included because of co-linearity with asthma
severity.
4) Adjusted for study center, parental history of asthma or atopy, maternal smoking in pregnancy, sex of the child,
low birth weight (less than 2,500 g), siblings, maternal age at birth, SES (parental schooling, mold or damp in
child's bedroom during his/her first year of life), season of the questionnaire's completion, and the person who
completed the questionnaire (i.e., the mother alone or together with the father).
5) Adjusted for child’s sex, ethnicity, age at interview; for mother’s marital status, occupation, and age at
delivery; birth order, duration of breast feeding, and maternal smoking and alcohol intake during pregnancy.
6) Adjusted for delivery method, breastfeeding, gender, birth weight, atopy, race and SES.
7) Adjusted for maternal age, previous deliveries, child's sex and birth weight.
8) Adjusted for mode of delivery, gestational age, birth weight, ponderal index, SGA status, parity, and maternal
age.
9) Adjusted for age, sex, race, birth order, birth weight, community of residence, parental or guardian education,
health insurance coverage, parental history of asthma and allergy, exposure to smoking in utero, exposure to
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secondhand smoke, maternal age at childbirth, requirement for special care after birth, calendar period of birth, 
and history of pneumonia, bronchitis, bronchiolitis, and croup.  
10) Adjusted for child's sex and current body mass index, maternal age at child’s birth, parity, maternal smoking
during pregnancy, paternal occupation after delivery (farmer/non-farmer), season of birth, gestational age, birth
weight, electivity of operative delivery , maternal antibiotic administration during labor or delivery, and neonatal
antibiotic administration during the first postnatal week.
2.2.3  Postnatal  risk  factors  
2.2.3.1  Early  life  risks  
Children   with   mechanical   ventilation,   prolonged   oxygenation   or   reduced   lung   function   in   the  
neonatal   period   have   increased   risks   of   wheezing   and   asthma   later   in   life   (Haland   et   al.   2006,  
Aspberg  et  al.  2010,  Algert  et  al.  2011,  Britt  et  al.  2013).    
2.2.3.2.  Breastfeeding  and  nutrition  
Breastfeeding   (minimum   of   three   months)   may   have   a   protective   effect   as   regards   childhood  
asthma   (Subbarao   et   al.   2009,  Midodzi   et   al.   2010,  Nwaru   et   al.   2014).  Underlying  mechanisms  
might  be  various,  since  the  protective  effect  differs  between  different  asthma  phenotypes  (Nwaru  
et  al.  2014).  Breastfeeding  has  also  been  shown  to  be  beneficial  to  gut  microbiota  of  the  offspring  
compared  with  that  of  formula-­‐‑fed  infants,  thus  protecting  against  asthma  in  childhood  (Fallani  et  
al.   2010,  Kull   et   al.   2010).  Earlier,  maternal  avoidance  of  allergenic   foods  during  pregnancy  and  
lactation  was  suggested  to  prevent  asthma  and  allergies  among  offspring,  but  nowadays,  such  an  
avoidance  diet   is  not   recommended  and   it  has  a   controversial   effect  as   regards  allergic  diseases  
(Greer   et   al.   2008,   Subbarao   et   al.   2009,   Nwaru   et   al.   2014).   Moreover,   delayed   or   altered  
colonization   of   the   child’s   gut   microbiota   is   suspected   to   interfere   with   the   development   and  
regulation  of  the  immune  system  both  prenatally  and  early  in  life  and  be  associated  with  allergy  
and  asthma  in  childhood  (Kozyrskyj  et  al.  2011,  Kim  et  al.  2014,  Metsälä  et  al.  2014).    
      Prenatal   and   postnatal   rich   and   early   diversity   of   microbial   environments,   such   as   that  
associated   with   living   in   the   countryside,   has   been   reported   to   protect   individuals   against   the  
development  of  asthma  and  allergy  (Ege  et  al.  2011a).  Furthermore,  in  utero  exposure  to  farming  
environments  may  even  be  more  important  than  early-­‐‑life  exposure  (Douwes  et  al.  2008).    
Table   5   summarizes   studies   concerning   the   association   between   early   life   factors   and   risk   of  
asthma  among  offspring.  
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Table 5. Summary of studies concerning the association between early life factors and 
risk of asthma among offspring.
Early life factors OR N
Age 
(years) aOR 95% CI for aOR
Male
Algert et al. 2011 240 511 2–5 1.701 1.62–1.79
RDS
Algert et al. 2011 240 511 2–5 1.341 1.12–1.60
Neonatal icterus and neonatal
phototherapy
Algert et al. 2011 240 511 2–5 1.101 0.99–1.22
Das, Naik (review) 2014 101 499 - 3.812 3.54–4.11
Infant formula feeding
Goyal et al. 2011 7921 0–1.5 1.393 1.16–1.66
Breastfeeding
Midodzi et al. 2012 8499 2–5 0.824 0.69–0.97
Early daycare attendance
Midodzi et al. 2012 8499 2–5 0.854 0.74–0.98
Farming environment
Ege et al. (PARCIFAL) 2011(a) 6843 6–13 0.495 0.35–0.69
Ege et al. (GABRIELA) 2011(a) 9668 6–12 0.765 0.65–0.89
1) Adjusted for maternal asthma, age, parity, diseases, smoking, residence, SES, antenatal UTI,  season of
conception, PROM, induction of labor, CS, child's gender, gestational age at birth, SGA, LGA, RDS, jaundice,
neonatal sepsis.
2) Adjusted for maternal factors (year of birth, age, parity, education, socioeconomic factors, and smoking during 
pregnancy) and neonatal factors (gestational age at birth, sex, birth weight, infections, birth asphyxia, respiratory 
and other birth conditions).
3) Adjusted for delivery method, breastfeeding, gender, birth weight, atopy, race and SES
4) Adjusted for parental smoking and atopy, maternal diseases, age, SES, gestational age, CS, low birth weight,
gender, breastfeeding, history of wheezing, allergy or infection, daycare attendance at age of two, geographic
region at birth.
5) Adjusted for specific exposure factors and diversity scores.
2.2.3.3  Early  life  infections
A   strong   association   has   been   shown   between   bronchiolitis   in   the   first   year   of   life and   the  
development   of   asthma   later   on (Backman   et   al.   2014,   Gaffin   et   al.   2014).   The  most   significant  
viruses  causing  bronchiolitis  and  wheezing  in  early  life  are  respiratory  syncytial  virus  (RSV)  and  
human   rhinovirus   (HRV)   (Subbarao   et   al.   2009,   Kozyrskyj   et   al.   2011,   Gaffin   et   al.   2014,  
Mantzouranis  et  al.  2014,  Szefler  et  al.  2014).  Further, HRV,  more  than  RSV,  results  in  a  higher  risk  
of  developing  asthma (Jackson  et   al.   2008). Human  metapneumovirus infection   in   early   life  has  
also  been shown  to  be  associated  with  asthma in  toddlers  (Dulek,  Peebles  2011). Viral   infections  
other  than  RSV  have  also  been  suggested  to  influence  the  development  of  atopy  (Kozyrskyj  et  al.  
2011),   but   surprisingly,   concomitant   upper   airway   infections   during   early   life   seem   to   have   a  
protective  effect  on  development  of  childhood  asthma  (Midodzi  et  al.  2010).   Grabenhenrich  et al.  
found recently that   the   incidence   of   asthma  was lower   among   children   vaccinated   in   early   life  
(Grabenhenrich   et   al.   2014), and, accordingly, exposure   to   the   Bacillus   Calmette-­‐‑Guerin   (BCG)  
vaccine  may  have  a  preventive  effect  on asthma  in  early   life. However,   the  effect   is   likely to  be  
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secondhand smoke, maternal age at childbirth, requirement for special care after birth, calendar period of birth, 
and history of pneumonia, bronchitis, bronchiolitis, and croup.  
10) Adjusted for child's sex and current body mass index, maternal age at child’s birth, parity, maternal smoking 
during pregnancy, paternal occupation after delivery (farmer/non-farmer), season of birth, gestational age, birth 
weight, electivity of operative delivery , maternal antibiotic administration during labor or delivery, and neonatal 
antibiotic administration during the first postnatal week. 
2.2.3  Postnatal  risk  factors  
  
2.2.3.1  Early  life  risks  
Children   with   mechanical   ventilation,   prolonged   oxygenation   or   reduced   lung   function   in   the  
neonatal   period   have   increased   risks   of   wheezing   and   asthma   later   in   life   (Haland   et   al.   2006,  
Aspberg  et  al.  2010,  Algert  et  al.  2011,  Britt  et  al.  2013).    
  
2.2.3.2.  Breastfeeding  and  nutrition  
Breastfeeding   (minimum   of   three   months)   may   have   a   protective   effect   as   regards   childhood  
asthma   (Subbarao   et   al.   2009,  Midodzi   et   al.   2010,  Nwaru   et   al.   2014).  Underlying  mechanisms  
might  be  various,  since  the  protective  effect  differs  between  different  asthma  phenotypes  (Nwaru  
et  al.  2014).  Breastfeeding  has  also  been  shown  to  be  beneficial  to  gut  microbiota  of  the  offspring  
compared  with  that  of  formula-­‐‑fed  infants,  thus  protecting  against  asthma  in  childhood  (Fallani  et  
al.   2010,  Kull   et   al.   2010).  Earlier,  maternal  avoidance  of  allergenic   foods  during  pregnancy  and  
lactation  was  suggested  to  prevent  asthma  and  allergies  among  offspring,  but  nowadays,  such  an  
avoidance  diet   is  not   recommended  and   it  has  a   controversial   effect  as   regards  allergic  diseases  
(Greer   et   al.   2008,   Subbarao   et   al.   2009,   Nwaru   et   al.   2014).   Moreover,   delayed   or   altered  
colonization   of   the   child’s   gut   microbiota   is   suspected   to   interfere   with   the   development   and  
regulation  of  the  immune  system  both  prenatally  and  early  in  life  and  be  associated  with  allergy  
and  asthma  in  childhood  (Kozyrskyj  et  al.  2011,  Kim  et  al.  2014,  Metsälä  et  al.  2014).    
        Prenatal   and   postnatal   rich   and   early   diversity   of   microbial   environments,   such   as   that  
associated   with   living   in   the   countryside,   has   been   reported   to   protect   individuals   against   the  
development  of  asthma  and  allergy  (Ege  et  al.  2011a).  Furthermore,  in  utero  exposure  to  farming  
environments  may  even  be  more  important  than  early-­‐‑life  exposure  (Douwes  et  al.  2008).    
   Table   5   summarizes   studies   concerning   the   association   between   early   life   factors   and   risk   of  
asthma  among  offspring.  
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Table 5. Summary of studies concerning the association between early life factors and 
risk of asthma among offspring. 
      
Early life factors OR N 
Age 
(years) aOR  95% CI for aOR 
      Male 
     
Algert et al.   2011 240 511  2–5 1.701 1.62–1.79 
RDS 
     
Algert et al. 2011 240 511  2–5 1.341 1.12–1.60 
Neonatal icterus and neonatal 
phototherapy 
     
Algert et al.   2011 240 511  2–5 1.101 0.99–1.22 
Das, Naik (review) 2014 101 499  - 
 
3.812 3.54–4.11 
Infant formula feeding 
     
Goyal et al.   2011 7921  0–1.5 1.393 1.16–1.66 
Breastfeeding 
     
Midodzi et al.   2012 8499  2–5 0.824 0.69–0.97 
Early daycare attendance 
     Midodzi et al.   2012 8499  2–5 0.854 0.74–0.98 
Farming environment 
     Ege et al.  (PARCIFAL) 2011(a) 6843  6–13 0.495 0.35–0.69 
Ege et al. (GABRIELA) 2011(a) 9668  6–12 0.765 0.65–0.89 
	  	   	  	   	  	   	  	   	  	   	  	  
	   	   	   	   	   	  1) Adjusted for maternal asthma, age, parity, diseases, smoking, residence, SES, antenatal UTI,  season of 
conception, PROM, induction of labor, CS, child's gender, gestational age at birth, SGA, LGA, RDS, jaundice, 
neonatal sepsis. 
2) Adjusted for maternal factors (year of birth, age, parity, education, socioeconomic factors, and smoking during 
pregnancy) and neonatal factors (gestational age at birth, sex, birth weight, infections, birth asphyxia, respiratory 
and other birth conditions). 
3) Adjusted for delivery method, breastfeeding, gender, birth weight, atopy, race and SES  
4) Adjusted for parental smoking and atopy, maternal diseases, age, SES, gestational age, CS, low birth weight, 
gender, breastfeeding, history of wheezing, allergy or infection, daycare attendance at age of two, geographic 
region at birth. 
5) Adjusted for specific exposure factors and diversity scores. 
2.2.3.3  Early  life  infections  
A   strong   association   has   been   shown   between   bronchiolitis   in   the   first   year   of   life   and   the  
development   of   asthma   later   on   (Backman   et   al.   2014,   Gaffin   et   al.   2014).   The  most   significant  
viruses  causing  bronchiolitis  and  wheezing  in  early  life  are  respiratory  syncytial  virus  (RSV)  and  
human   rhinovirus   (HRV)   (Subbarao   et   al.   2009,   Kozyrskyj   et   al.   2011,   Gaffin   et   al.   2014,  
Mantzouranis  et  al.  2014,  Szefler  et  al.  2014).  Further,  HRV,  more  than  RSV,  results  in  a  higher  risk  
of  developing  asthma   (Jackson  et   al.   2008).  Human  metapneumovirus   infection   in   early   life  has  
also  been  shown  to  be  associated  with  asthma  in  toddlers  (Dulek,  Peebles  2011).  Viral   infections  
other  than  RSV  have  also  been  suggested  to  influence  the  development  of  atopy  (Kozyrskyj  et  al.  
2011),   but   surprisingly,   concomitant   upper   airway   infections   during   early   life   seem   to   have   a  
protective  effect  on  development  of  childhood  asthma  (Midodzi  et  al.  2010).    Grabenhenrich  et  al.  
found   recently   that   the   incidence   of   asthma  was   lower   among   children   vaccinated   in   early   life  
(Grabenhenrich   et   al.   2014),   and,   accordingly,   exposure   to   the   Bacillus   Calmette-­‐‑Guerin   (BCG)  
vaccine  may  have  a  preventive  effect  on  asthma  in  early   life.     However,   the  effect   is   likely  to  be  
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transient,	  since  the  protective  effect  associated  with  neonatal  BCG  vaccination  at  the  age  of  6  to  11  
years  was  no  longer  present  at  age  13  to  17  years  (El-­‐‑Zein  et  al.  2010,  Freyne,  Curtis  2014,  Linehan  
et  al.  2014).    
2.2.4  Pollution  and  chemicals  
2.2.4.1  Maternal  smoking  and  environmental  tobacco  smoke  
Maternal  smoking  is  one  of  the  most  evident  prenatal  risk  factors  as  regards  the  development  of  
asthma   in   offspring   and   a   protective   effect   of   cessation   on   the   health   of   offspring   is   evident  
(Bickerstaff  et  al.  2012,  Capra  et  al.  2013).  In  addition  to  the  fact  that  maternal  smoking  increases  
the  incidence  of  asthma,  it  also  affects  fetal  growth  and  increases  the  risk  of  preterm  birth  and  low  
birth  weight   (Jaakkola,  Gissler   2004,  Anderson   2005,  Metsälä   et   al.   2008,  Bickerstaff   et   al.   2012).  
Furthermore,  maternal   smoking   and   environmental   tobacco   smoke   (ETS)   exposure   impair   fetal  
lung  function  and  increase  bronchial  hyper-­‐‑reactivity.  They  may  also  induce  altered  growth  in  the  
fetal   lung   (Britt   et   al.   2013)   and   impaired   adaptive   and   immune   responses   to   viral   pathogens  
(Kumar   2008a).   Recent   genetic   studies   have   revealed   that   the   effect   of   exposure   to   smoking   in  
utero   on   childhood   asthma   is  modified  by  polymorphisms   in  nicotine-­‐‑metabolizing  genes,   and,  
further,   nicotine   metabolites   may   have   a   direct   effect   on   inflammation   and   neonatal   lung  
development   (Gilliland   et   al.   2002,   Child   et   al.   2003).   Previous   studies   have   clearly   shown   that  
parental   smoking   after   birth   is   associated  with   an   increased   risk   of   respiratory   diseases   among  
offspring.  However,  a  recent  study  showed  long-­‐‑term  respiratory  effects  of  prenatal  passive  ETS;  
exposure  notably  during   the   third   trimester,  but  not  during   the  other   trimesters,  was  associated  
with   increased   asthma-­‐‑   and   allergy-­‐‑related   symptoms   in   preschool   children.   A   marginal  
association   was   observed   even   after   adjusting   for   maternal   and   paternal   current   smoking,  
mother’s  active  smoking,  ETS  during  pregnancy,  and  the  child’s  gender  and  age  (Xepapadaki  et  
al.   2009).   Further,   prenatal   ETS   has   been   suggested   to   promote   Th2   polarization   and   to   impair  
and/or  delay  development  of  the  fetal  and  neonatal  lung,  affecting  mucociliary  clearance  and  Th1  
responses.   These   changes   together   might   explain   the   increased   susceptibility   of   children   of  
smoking   parents   to   allergic   asthma   and   childhood   respiratory   infections   (Singh   et   al.   2011).  
However,   two  other  studies  did  not  reveal  such  an  effect  of  ETS  on  the   later  health  of  offspring  
(Håberg  et  al.  2007,  Burke  et  al.  2012).	  	  
	  	  	  	  Table  6  summarizes  studies  concerning  the  association  between  postnatal  pollution  and  risk  of  
asthma  among  offspring.  
2.2.4.2  Pollutants  
The   home   environment   has   many   sources   of   indoor   air   pollution,   agents   generated   by   indoor  
sources   and   complex   mixtures   of   agents   penetrating   from   outdoor   air.   The   major   source   of  
outdoor  air  pollution  is  traffic  exhaust  fumes.  Air  pollution  may  exacerbate  asthma  among  those  
who   already   have   asthmatic   symptoms,   but   whether   air   pollution   can   contribute   to   the  
development   of   asthma   is   still   not   clear   (Ding   et   al.   2014).   Nevertheless,   recent   studies   have  
demonstrated  that  elevated  pollution  exposure  may  influence  the  development  of  asthma  both  in  
utero  and  in  the  first  year  of  life  (Breysse  et  al.  2010,  Kozyrskyj  et  al.  2011,  Britt  et  al.  2013,  Gaffin  et  
al.   2014).   The   role   of   animal   allergen   exposure   during   pregnancy   and   early   life   has   been  
inconsistent.   Recent   studies   have   revealed   that   exposure   to   animal   allergens,   especially   dog  
allergens  (Almqvist  et  al.  2003),  might  reduce  the  risk  of  allergic  diseases  (Peters  et  al.  2013)  and  
respiratory   tract   infections   in   the   first   year   of   life   (Bergroth   et   al.   2012).   However,   Gaffin   and  
associates,   in  their  review  article,  reported  an  increased  risk  of  asthma  among  high-­‐‑risk  children  
(Gaffin  et  al.  2014).  Mandhane  and  associates  reported  a  synergistic   interaction  between  cat  and  
dog   exposure   associated   with   a   lower   risk   of   developing   atopy   in   childhood,   but   in   turn,  
suggested  that  continuous  exposure  might  lead  to  increasing  symptoms  and  worsening  of  asthma  
(Mandhane  et  al.  2009).  
Migrant  studies  have  suggested  that  early  childhood,  especially  age  at  the  time  of  immigration,  
and  at  the  time  of  exposure  to  environmental  factors,  plays  an  important  role  in  the  initiation  of  
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asthma, and modification  of  asthma  risk  appears  to  occur during  both  the  prenatal  as  well  as the  
postnatal  period (Migliore  et  al.  2007,  Braback  et  al.  2011,  Henderson,  Warner  2012).
Table 6. Summary of studies concerning the association between postnatal pollution 
and risk of asthma among offspring.
Postnatal Pollution OR N/Studies
Age 
(years) aOR 95% CI for aOR
Maternal smoking
Burke et al. (review) 2012 8 studies 5–18 1.20 0.98–1.46
Environmental tobacco smoke
Pattenden et al. 2006 53	  879 6–12 1.041 0.95–1.14
Burke et al. (review) 2012 3 studies ≤ 2 1.14 0.94–1.38
5 studies 3–4 1.21 1.00–1.47
5 studies 5–18 1.30 1.04–1.62
1) Adjusted for age, sex, maternal and paternal education, nationality, household crowding, gas for cooking,
unvented gas/oil/kerosene heater, mold, birth order, “ever had a pet”, and study area (ambient air pollution,
climate, and neighborhood socioeconomic differences).
2.2.5 Socioeconomic  risk  factors
The association  between socioeconomic  status and  health is  consistent  and  strong  throughout life
(Ruijsbroek   et   al.   2011).   The   family   environment   influences   both early   development   and   later  
health   of   the   offspring.   As   socioeconomic   conditions   and   health   services   differ   markedly  
worldwide and SES  is  not  a  single  finite  entity,  several  indicators have  been  used  to  assess family
SES.  The  most   frequently used indicators are  parental or  maternal   educational   level,   household
income   or   mother’s   occupation   at   the   time   of   delivery (Oakes,   Rossi   2003,   Gissler   et   al.   2009,  
Blumenshine  et  al.  2010,  Gong  et  al.  2014).  
Several  studies  have  been  carried  out to  explain  (with  controversial  results) how  SES  influences
the  development  of   asthma.  Most  have revealed that   the   risk  of   asthma   is   increased   in   families  
with   low   SES   even   after   controlling   for several   confounding   factors such   as  maternal   smoking,  
premature  birth,  maternal  stress  and  gender  of  the  child  (Kozyrskyj  et  al.  2011,  Gong  et  al.  2014),
but  contradictory results  have  also  been  presented (Poyser  et  al.  2002,  Hancox  et  al.  2004).  These  
diverse   results  may be  due   to  different   study  designs, differences   in  maternal  and  parental  SES
quantification and  SES  measures  or  too  small  a  sample  size.
Financial   situations   at   home   are likely to   play   an   important   role   in   determining   asthma
morbidity among  children;  an  elevated incidence  of  worsened  asthma  could be  due  to  inability  to  
pay  for  healthcare fees and  medication  among  lower SES families (Shields  2007,  Kopel  et  al.  2014).
However,   in   a review article by   Kopel   and associates, worsened   asthma   morbidity   was   still  
reported  to  be  more  prevalent  among  children  with  lower  SES  even  though  universal healthcare  
coverage and  equal  access to  medical   treatment were   in  place nationally (Kopel   et   al.   2014).   In  
addition,  parental  SES may  have  an  influence  on  the  child’s health  via  indirect pathways  such  as  
perinatal  exposure  to  harmful  substances or  the  home  living  environment,  which can be  socially  
patterned  by  residential,  occupational  and  lifestyle  factors  (Blumenshine  et  al.  2010).  
Childhood  socioeconomic  health  disparities  are  tied  to  differences  in  lifestyle  between  different  
SES  groups.  Mothers  of  lower  SES  are  more  likely  to  smoke  and  to  continue  smoking  after  birth  
(Ekblad  et  al.  2013) and  they  are  also  less  likely  to  breastfeed  their  offspring  (Ruijsbroek  et  al.  2011)
compared  with mothers  of  higher  SES.  Difficulties  in  parenting,  younger  age and  single  mothers  
are  also  factors  related  more  often  to  mothers  with  lower  SES  (Gissler  et  al.  2009).  Furthermore,  the  
risk   of   asthma   is   increased   in   pregnancies   characterized   by prematurity,   low   birth  weight   and  
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transient,	  since  the  protective  effect  associated  with  neonatal  BCG  vaccination  at  the  age  of  6  to  11  
years  was  no  longer  present  at  age  13  to  17  years  (El-­‐‑Zein  et  al.  2010,  Freyne,  Curtis  2014,  Linehan  
et  al.  2014).    
2.2.4  Pollution  and  chemicals  
  
2.2.4.1  Maternal  smoking  and  environmental  tobacco  smoke  
Maternal  smoking  is  one  of  the  most  evident  prenatal  risk  factors  as  regards  the  development  of  
asthma   in   offspring   and   a   protective   effect   of   cessation   on   the   health   of   offspring   is   evident  
(Bickerstaff  et  al.  2012,  Capra  et  al.  2013).  In  addition  to  the  fact  that  maternal  smoking  increases  
the  incidence  of  asthma,  it  also  affects  fetal  growth  and  increases  the  risk  of  preterm  birth  and  low  
birth  weight   (Jaakkola,  Gissler   2004,  Anderson   2005,  Metsälä   et   al.   2008,  Bickerstaff   et   al.   2012).  
Furthermore,  maternal   smoking   and   environmental   tobacco   smoke   (ETS)   exposure   impair   fetal  
lung  function  and  increase  bronchial  hyper-­‐‑reactivity.  They  may  also  induce  altered  growth  in  the  
fetal   lung   (Britt   et   al.   2013)   and   impaired   adaptive   and   immune   responses   to   viral   pathogens  
(Kumar   2008a).   Recent   genetic   studies   have   revealed   that   the   effect   of   exposure   to   smoking   in  
utero   on   childhood   asthma   is  modified  by  polymorphisms   in  nicotine-­‐‑metabolizing  genes,   and,  
further,   nicotine   metabolites   may   have   a   direct   effect   on   inflammation   and   neonatal   lung  
development   (Gilliland   et   al.   2002,   Child   et   al.   2003).   Previous   studies   have   clearly   shown   that  
parental   smoking   after   birth   is   associated  with   an   increased   risk   of   respiratory   diseases   among  
offspring.  However,  a  recent  study  showed  long-­‐‑term  respiratory  effects  of  prenatal  passive  ETS;  
exposure  notably  during   the   third   trimester,  but  not  during   the  other   trimesters,  was  associated  
with   increased   asthma-­‐‑   and   allergy-­‐‑related   symptoms   in   preschool   children.   A   marginal  
association   was   observed   even   after   adjusting   for   maternal   and   paternal   current   smoking,  
mother’s  active  smoking,  ETS  during  pregnancy,  and  the  child’s  gender  and  age  (Xepapadaki  et  
al.   2009).   Further,   prenatal   ETS   has   been   suggested   to   promote   Th2   polarization   and   to   impair  
and/or  delay  development  of  the  fetal  and  neonatal  lung,  affecting  mucociliary  clearance  and  Th1  
responses.   These   changes   together   might   explain   the   increased   susceptibility   of   children   of  
smoking   parents   to   allergic   asthma   and   childhood   respiratory   infections   (Singh   et   al.   2011).  
However,   two  other  studies  did  not  reveal  such  an  effect  of  ETS  on  the   later  health  of  offspring  
(Håberg  et  al.  2007,  Burke  et  al.  2012).	  	  
	  	  	  	  Table  6  summarizes  studies  concerning  the  association  between  postnatal  pollution  and  risk  of  
asthma  among  offspring.  
  
2.2.4.2  Pollutants  
The   home   environment   has   many   sources   of   indoor   air   pollution,   agents   generated   by   indoor  
sources   and   complex   mixtures   of   agents   penetrating   from   outdoor   air.   The   major   source   of  
outdoor  air  pollution  is  traffic  exhaust  fumes.  Air  pollution  may  exacerbate  asthma  among  those  
who   already   have   asthmatic   symptoms,   but   whether   air   pollution   can   contribute   to   the  
development   of   asthma   is   still   not   clear   (Ding   et   al.   2014).   Nevertheless,   recent   studies   have  
demonstrated  that  elevated  pollution  exposure  may  influence  the  development  of  asthma  both  in  
utero  and  in  the  first  year  of  life  (Breysse  et  al.  2010,  Kozyrskyj  et  al.  2011,  Britt  et  al.  2013,  Gaffin  et  
al.   2014).   The   role   of   animal   allergen   exposure   during   pregnancy   and   early   life   has   been  
inconsistent.   Recent   studies   have   revealed   that   exposure   to   animal   allergens,   especially   dog  
allergens  (Almqvist  et  al.  2003),  might  reduce  the  risk  of  allergic  diseases  (Peters  et  al.  2013)  and  
respiratory   tract   infections   in   the   first   year   of   life   (Bergroth   et   al.   2012).   However,   Gaffin   and  
associates,   in  their  review  article,  reported  an  increased  risk  of  asthma  among  high-­‐‑risk  children  
(Gaffin  et  al.  2014).  Mandhane  and  associates  reported  a  synergistic   interaction  between  cat  and  
dog   exposure   associated   with   a   lower   risk   of   developing   atopy   in   childhood,   but   in   turn,  
suggested  that  continuous  exposure  might  lead  to  increasing  symptoms  and  worsening  of  asthma  
(Mandhane  et  al.  2009).  
Migrant  studies  have  suggested  that  early  childhood,  especially  age  at  the  time  of  immigration,  
and  at  the  time  of  exposure  to  environmental  factors,  plays  an  important  role  in  the  initiation  of  
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asthma,  and  modification  of  asthma  risk  appears  to  occur  during  both  the  prenatal  as  well  as  the  
postnatal  period  (Migliore  et  al.  2007,  Braback  et  al.  2011,  Henderson,  Warner  2012).    
  
Table 6. Summary of studies concerning the association between postnatal pollution 
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(years) aOR  95% CI for aOR 
      Maternal smoking 
     Burke et al.  (review) 2012 8 studies  5–18  1.20 0.98–1.46 
Environmental tobacco smoke 
     
Pattenden et al.   2006 53	  879	    6–12 1.041  0.95–1.14 
Burke et al.  (review) 2012 3 studies ≤ 2  1.14 0.94–1.38 
  
5 studies  3–4  1.21 1.00–1.47 
  
5 studies  5–18  1.30 1.04–1.62 
	  	   	  	   	  	   	  	   	  	   	  	  
	   	   	   	   	   	  1) Adjusted for age, sex, maternal and paternal education, nationality, household crowding, gas for cooking, 
unvented gas/oil/kerosene heater, mold, birth order, “ever had a pet”, and study area (ambient air pollution, 
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health   of   the   offspring.   As   socioeconomic   conditions   and   health   services   differ   markedly  
worldwide  and  SES  is  not  a  single  finite  entity,  several  indicators  have  been  used  to  assess  family  
SES.  The  most   frequently  used   indicators   are  parental   or  maternal   educational   level,   household  
income   or   mother’s   occupation   at   the   time   of   delivery   (Oakes,   Rossi   2003,   Gissler   et   al.   2009,  
Blumenshine  et  al.  2010,  Gong  et  al.  2014).    
        Several  studies  have  been  carried  out  to  explain  (with  controversial  results)  how  SES  influences  
the  development  of   asthma.  Most  have   revealed   that   the   risk  of   asthma   is   increased   in   families  
with   low   SES   even   after   controlling   for   several   confounding   factors   such   as  maternal   smoking,  
premature  birth,  maternal  stress  and  gender  of  the  child  (Kozyrskyj  et  al.  2011,  Gong  et  al.  2014),  
but  contradictory  results  have  also  been  presented  (Poyser  et  al.  2002,  Hancox  et  al.  2004).  These  
diverse   results  may  be  due   to  different   study  designs,  differences   in  maternal  and  parental  SES  
quantification  and  SES  measures  or  too  small  a  sample  size.  
        Financial   situations   at   home   are   likely   to   play   an   important   role   in   determining   asthma  
morbidity  among  children;  an  elevated  incidence  of  worsened  asthma  could  be  due  to  inability  to  
pay  for  healthcare  fees  and  medication  among  lower  SES  families  (Shields  2007,  Kopel  et  al.  2014).  
However,   in   a   review   article   by   Kopel   and   associates,   worsened   asthma   morbidity   was   still  
reported  to  be  more  prevalent  among  children  with  lower  SES  even  though  universal  healthcare  
coverage  and  equal  access   to  medical   treatment  were   in  place  nationally   (Kopel   et   al.   2014).      In  
addition,  parental  SES  may  have  an  influence  on  the  child’s  health  via  indirect  pathways  such  as  
perinatal  exposure  to  harmful  substances  or  the  home  living  environment,  which  can  be  socially  
patterned  by  residential,  occupational  and  lifestyle  factors  (Blumenshine  et  al.  2010).    
        Childhood  socioeconomic  health  disparities  are  tied  to  differences  in  lifestyle  between  different  
SES  groups.  Mothers  of  lower  SES  are  more  likely  to  smoke  and  to  continue  smoking  after  birth  
(Ekblad  et  al.  2013)  and  they  are  also  less  likely  to  breastfeed  their  offspring  (Ruijsbroek  et  al.  2011)  
compared  with  mothers  of  higher  SES.  Difficulties  in  parenting,  younger  age  and  single  mothers  
are  also  factors  related  more  often  to  mothers  with  lower  SES  (Gissler  et  al.  2009).  Furthermore,  the  
risk   of   asthma   is   increased   in   pregnancies   characterized   by   prematurity,   low   birth  weight   and  
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SGA  infants  (Gissler  et  al.  2009,  Blumenshine  et  al.  2010,  Räisänen  et  al.  2013d),  factors  which  are  
more  frequent  among  women  with  lower  SES.    
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3 Aims  of the  study
The  overall  aim  of  this  study  was  to  clarify  how  different  maternal  and  prenatal  factors  affect  the  
burden  of  asthma  among  offspring.
Specific  aims  were
1. To  evaluate  if  maternal  fertility  factors  before  index  pregnancy  were  related  to  the  risk  
of asthma  among  offspring
2. To  evaluate  the  role  of  gestational  age  at  birth  in  the  development  of  childhood  asthma
3. To   clarify   the   effects   of   different   parental   smoking   patterns   during   pregnancy   in  
connection  with  the  risk  of  asthma  in  childhood
4. To   identify   perinatal   differences   between   socioeconomic   groups   and   to   clarify   their
contribution  to  asthma  among  offspring  
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4 Materials  and methods
4.1 STUDY POPULATION
4.1.1 Kuopio  University  Hospital  Birth  Register
In  this study  we  used information  from Kuopio  University  Hospital (KUH) Birth  Register (since
2002  named  Haikara),  which  is  a  computerized database  established  in 1989  and  compiled  by  the  
Department   of   Obstetrics   and   Gynecology.   The   database contains information on   parental  
characteristics before   and   during   ongoing   pregnancy,   and   information   about   delivery   and   its
complications.   Further,   pregnancy outcome and   information   on the   newborn up   to the   age   of  
seven   days are   recorded.   The   database contains information   on all   pregnancies   and   deliveries  
proceeding  beyond  22  weeks  of  gestation and is still in  use.  Its  valuable  information serves  both  
clinical  practice  and  scientific  work.  The   contents of   the  birth   register  have been  complemented
once  a year  since  2002  in  order  to  improve  its  function.  Mothers who  delivered  at KUH  and their  
offspring born at KUH  from 1989 to 2008  were  included  in the  present  study.
The  validity   of   the  data  has   been   checked  manually   as   regards some   specific   aspects   such   as
perinatal   deaths,   umbilical   cord   abnormalities,   parental   smoking,   infertility and   placental  
abruption (Heinonen   et   al.   1996,  Airas,  Heinonen   2002,   Toivonen   et   al.   2002,   Raatikainen   et   al.  
2007,   Raatikainen   et   al.   2012). Further, certain information   from   our   Birth   Register   is   annually
transferred  to  the  National  Institute  for  Health  and  Welfare  (THL) for  national  statistical  purposes
(Gissler,  Shelley  2002).
4.1.2 Data  collection  
Data  for  the  study  was derived from  two  registers; Kuopio  University Hospital  Birth  Register  and  
the   Drug Prescription   Register   maintained by   KELA. Missing   information   on   unique   personal  
identification  numbers  of  the  offspring  was gathered  from  the  Population  Register  Centre  (PRC).
Birth  Register  information  on  maternal  characteristics was  based  on  data from  self-­‐‑administered  
multiple-­‐‑choice  questionnaires  at approximately  20  weeks  of  pregnancy. The  questionnaires were
distributed by   public   health   nurses, completed forms were   returned   to   maternity   centers   by  
approximately  22  weeks  of  pregnancy and  information  was  then  added to  the  database manually
(Appendices 1  and  2:  old  and  new  forms). Public  health  nurses  and  midwives added missing  data
by  consulting the  women’s  maternity  case  notes  that  they  kept with  them during  pregnancy or by
way  of   interviews during  visits   to  prenatal  maternal  clinics, or  at delivery at Kuopio  University  
Hospital.  The questionnaire  covered 75  background  items  concerning  maternal  illnesses,  obstetric  
history,   parental   smoking,   alcohol   consumption,   maternal   marital   status, educational   level,
previous  operations,  use  of  contraception,  fecundity  factors  and  medication  before  and/or  during  
ongoing   pregnancy.   Further,   nurses   and  midwives  who   took   care   of   delivery   and   the   neonatal  
period  added  information  on  pregnancy  complications,  pregnancy  outcome  and  events  during  the  
neonatal  period  as  a  part  of  their  clinical  work.  
In  Finland,  special  reimbursement  for  certain  prescribed  drugs  including  anti-­‐‑asthmatic  drugs  is  
provided  and  recorded  in  the  Special  Reimbursement  Register  kept  by  KELA.  Patients  can  apply  
for  higher-­‐‑rate compensation  for  medication  for several  chronic  diseases and  they  need  to  present  
a  doctor’s  certificate  (certificate  B).   In  such  cases,  diagnosis  of  disease  needs  to  fulfill strict  criteria  
set  out by  KELA and  based  on the  International  Statistical  Classification  of  Diseases  and  Related  
Health  Problems, 10th  Revision  (ICD-­‐‑10).  In  cases  of pediatric  asthma,  diagnosis is usually  made  
by   a   pediatrician, who confirms the   nature   of   the   disease   and   assesses   the   need   for   long-­‐‑term  
medication (Martikainen  J  2002).
Linkages   between   the   Birth   Register   and   the   Special   Reimbursement   Register  maintained   by  
KELA  (KELA  2014) were  based  on  unique  personal  identity  codes  assigned  to all  Finnish  citizens  
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shortly  after  birth.  Missing  identification  numbers  were  obtained  from  the  PRC  before  linkage  of  
the  registers.  
        All   childbearing   women   gave   informed   consent   for   the   register   study   at   the   time   of   data  
collection.  The  Institutional  Review  Board  approved  the  study  and  the  Ethics  Research  Committee  
of   KUH   approved   the   database   and   gave   permission   to   use   it   for   research   purposes.   The  
participation  rate  regarding  delivery  and  neonatal  items  was  complete.  The  data  were  processed  
anonymously.    
4.1.3  Final  study  population  
The   total   study   covered   45  030   deliveries   in   1989–2008.   After   exclusion   of   stillbirths   (n=193),  
neonatal   deaths   (n=177)   and   cases   with   unknown   status   of   risk   factor   of   interest   (n=336–487),  
44  173  women  and  live-­‐‑born  infants  remained  for  analysis.  2661  of  the  children  had  asthma  before  
the   age  of   19  years   (2008).   Specific   exclusions  we  made   in  different   studies   as   follows:  multiple  
pregnancies   (n=1712)   were   excluded   in   Studies   I   and   IV   in   order   to   control   the   data   more  
specifically,   since   women   with   multiple   pregnancies   have   higher   risks   of   adverse   perinatal  
outcomes   (Norwitz   et   al.   2005).   In   Studies   I–IV   deliveries   occurring   at   <  23   GWs   were   also  
excluded.  Moreover,  deliveries  occurring  in  2008  were  excluded  in  Studies  I  and  IV.  In  Study  III,  
deliveries  occurring  in  2007–2008  were  excluded.  Exclusion  was  based  on  the  fact  that  diagnosis  of  
true  asthma  is  frequently  uncertain  among  children  under  the  age  of  two  years  (Young  et  al.  2000).  
The  numbers  of  subjects  included  in  the  analysis  in  each  study  are  shown  in  Table  7.  
Table 7. The study populations in retrospective observational Studies I–IV. 
Study Years Deliveries/ N 
Children 
with 
asthma     
/ N 
Controls 
/ N Exclusions/N Aim 
I 1989– 2007 42 865 2577	   38 337 
Neonatal Deaths/ 
171     
Stillbirths/ 184               
Multiple 
pregnancies/ 
1781 
To evaluate if maternal 
fertility factors before 
index pregnancy are 
related to the risk of 
asthma in offspring 
II 1989– 2008 45 030 2661 41 512 
Infants born < 23 
GWs/ 20     
Neonatal Deaths/ 
177     
Stillbirths/ 193               
Missing data/ 487 
To evaluate the role of 
gestational age at birth 
in the development of 
childhood asthma 
III  1989– 2006 40 142 2642 36 665 
Infants born < 23 
GWs/ 20     
Neonatal Deaths/ 
154     
Stillbirths/ 175                             
Missing data/ 487 
To clarify the effects of 
different parental 
smoking patterns during 
pregnancy in connection 
with the risk of asthma 
in childhood 
 
IV  1989– 2007 42 205 2518 37 600 
Infants born < 23 
GWs/ 20     
Neonatal Deaths/ 
171     
Stillbirths/ 184                         
Multiple 
pregnancies/ 
1712     
To identify perinatal 
differences between 
socioeconomic groups 
and to clarify the 
contribution of SES to 
asthma in offspring 
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4.2 ASTHMA AMONG OFFSPRING
In   the   present   study,   children   who   were   entitled   to   special   reimbursement   for   anti-­‐‑asthmatic  
drugs  (AADs)  and  purchased  them  at  least  once  after  the  diagnosis  were  considered  as  asthmatics
(Metsälä  et  al.  2008,  Metsälä  et  al.  2014).   Selection  of  AADs was  based  on  Finnish  Current  Care  
guidelines  (Haahtela  et  al.  2013) and  recommendations  of the  Social  Insurance  Institution.  
Asthmatic   children   with   medication   who   were   included   in   the   study were   identified   in   the  
register  of  the  Social  Insurance  Institution  of  Finland  (KELA).  KELA  maintains  a  national  register
of   reimbursed   medicines   purchased   by Finnish   citizens.   In   cases   of   asthma,   AADs   were   75%  
reimbursed   up   to   2005   and   today they   are   72%   reimbursed (Martikainen   J   2002).   Special  
reimbursement  decisions  were based  on  clinical  diagnosis codes; ICD-­‐‑9  (codes 493.0-­‐‑.9A,  B  or  X)  
and   ICD-­‐‑10 (codes J45.0,   J45.1,   J45.8,   J45.9   and   J46) (KELA  2014),   and  on certificate  B presented  
usually  by  a  pediatrician in  cases of  childhood  asthma. The  disease  needs   to   fulfill   strict  criteria  
given   by   the   institution.   Certificates are always   verified   by   a   consultant   physician   in  KELA, to  
ensure  that  the  criteria are  met.  
The   right   to   receive   special   refundable   standard   AADs   is   granted   by   KELA   to   non-­‐‑
institutionalized   patients.   AADs   are   categorized   according   to   the   Finnish   Medicines   Agency  
(FIMEA)   and   the   register includes   information   on   drug   class   (the   Anatomical   Therapeutic  
Chemical  [ATC] classification  system) and  the  dispensing  date.  In  cases of childhood asthma,  ATC
groups   are R03   and   R06   and   they   include   drugs   for   obstructive   airway   diseases   consisting   of  
inhaled   beta2-­‐‑agonists,   glucocorticoids,   long-­‐‑acting   beta2-­‐‑agonists   and   antileukotrienes. The
identification  number  for  asthma is  203  in  the  KELA  reimbursement  register.
Variables   used   to   collect   data   on asthmatic   children   from  KELA registers included   a   unique
identification  number,  the ICD code for asthma,  the  reimbursement  code  for asthma  and  the  first  
and last  date   of  AAD   reimbursement. Special  medicine   reimbursement  decisions  were  made   in  
connection   with ICD-­‐‑9   and ICD-­‐‑10 codes.   Most   of   the   medicines were   purchased   for   limited
period  of  time  and were  checked  annually  by  doctors. Separate  decisions  on reimbursement  were  
linked together.
4.3 DEFINITIONS
4.3.1 Maternal  pre-­‐‑pregnancy  characteristics
Parity  was   divided   two  ways:   primiparous   and  multiparous   (one or more previous   deliveries).
Previous  miscarriage  was  defined  as  the  loss  of  pregnancy  before  22+0 weeks of  gestation (GWs).  
Prior  induced  abortion  was  defined  as  the  medical  or  surgical  abortion  of a  viable  fetus.   Maternal  
fecundity   factors  were   either   self-­‐‑reported or   recorded   according   to   case   notes when   there had  
been   infertility   treatment   at   KUH   or   in   outpatient   clinics. Time   to   pregnancy (months) was  
obtained via   self-­‐‑reporting   or   by   calculating the   time from discontinuation   of   contraception   to  
onset   of   pregnancy. Fecundity   variables   in   the   index   pregnancy   were   evaluated   as follows:  
medically   assisted   treatment   included  ovulation   induction   by   clomifene   citrate   (Clomifene®) or  
other  medicines,   and   insemination  or  assisted   reproduction   technology   (ART, including   in-­‐‑vitro  
fertilization  [IVF] and  intra-­‐‑cytoplasmic  sperm  injection  [ICSI]).  In  Study  I, ART  included  both IVF
and   ICSI   before   the   index  pregnancy   and   in   Studies   II–IV  ART also   included insemination   and  
ovulation  induction  by  Clomifene®  or other  medicines.
Data  on chronic  diseases  were  either  self-­‐‑reported or  based  on  case  notes.  Maternal  diabetes  was  
defined   as   pre-­‐‑pregnancy diabetes, and   gestational   diabetes   mellitus   was   based   on abnormal  
results  in oral glucose  tolerance tests usually  performed during the  second  trimester of  the  current
pregnancy. Other  chronic  diseases  were  conditions  requiring  regular  medication,  such  as  epilepsy,  
thyroid   disease,   chronic   bowel   disease   or autoimmune   diseases.   Maternal   marital   status   was  
recorded   in two   categories:   married   and   unmarried,   the   latter including   cohabitating,   single,  
widowed  and  divorced.  In  Study  IV,  the  married category  contained both  married  and  cohabiting  
mothers  because  it  was  considered  to  demonstrate better  the  real  family  income  in  different SES  
groups.  
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shortly  after  birth.  Missing  identification  numbers  were  obtained  from  the  PRC  before  linkage  of  
the  registers.  
        All   childbearing   women   gave   informed   consent   for   the   register   study   at   the   time   of   data  
collection.  The  Institutional  Review  Board  approved  the  study  and  the  Ethics  Research  Committee  
of   KUH   approved   the   database   and   gave   permission   to   use   it   for   research   purposes.   The  
participation  rate  regarding  delivery  and  neonatal  items  was  complete.  The  data  were  processed  
anonymously.    
  
4.1.3  Final  study  population  
The   total   study   covered   45  030   deliveries   in   1989–2008.   After   exclusion   of   stillbirths   (n=193),  
neonatal   deaths   (n=177)   and   cases   with   unknown   status   of   risk   factor   of   interest   (n=336–487),  
44  173  women  and  live-­‐‑born  infants  remained  for  analysis.  2661  of  the  children  had  asthma  before  
the  age  of   19  years   (2008).   Specific   exclusions  we  made   in  different   studies   as   follows:  multiple  
pregnancies   (n=1712)   were   excluded   in   Studies   I   and   IV   in   order   to   control   the   data   more  
specifically,   since   women   with   multiple   pregnancies   have   higher   risks   of   adverse   perinatal  
outcomes   (Norwitz   et   al.   2005).   In   Studies   I–IV   deliveries   occurring   at   <  23   GWs   were   also  
excluded.  Moreover,  deliveries  occurring  in  2008  were  excluded  in  Studies  I  and  IV.  In  Study  III,  
deliveries  occurring  in  2007–2008  were  excluded.  Exclusion  was  based  on  the  fact  that  diagnosis  of  
true  asthma  is  frequently  uncertain  among  children  under  the  age  of  two  years  (Young  et  al.  2000).  
The  numbers  of  subjects  included  in  the  analysis  in  each  study  are  shown  in  Table  7.  
	  
Table 7. The study populations in retrospective observational Studies I–IV. 
 
Study Years Deliveries/ N 
 
Children 
with 
asthma     
/ N 
 
Controls    
/ N 
 
Exclusions/N 
	  
Aim 
        	  	         	  	   	  	   	  	  
I 1989– 2007                   42 865 
 
2577	  
 
38 337  
Neonatal Deaths/ 
171                    
Stillbirths/ 184               
Multiple 
pregnancies/ 
1781 
	  
To evaluate if maternal 
fertility factors before 
index pregnancy are 
related to the risk of 
asthma in offspring 
    	       	    
II 1989– 2008  45 030 
 
2661 
 
41 512  
Infants born < 23 
GWs/ 20                              
Neonatal Deaths/ 
177                                
Stillbirths/ 193               
Missing data/ 487 
	  
To evaluate the role of 
gestational age at birth 
in the development of 
childhood asthma 
 
   	    
 
  	    
III  1989– 2006       40 142 
 
2642 
 
36 665  
Infants born < 23 
GWs/ 20                    
Neonatal Deaths/ 
154                    
Stillbirths/ 175                             
Missing data/ 487 
	  
To clarify the effects of 
different parental 
smoking patterns during 
pregnancy in connection 
with the risk of asthma 
in childhood 
 
   	    
 
  	    
IV  1989– 2007       42 205 
 
2518 
 
37 600  
Infants born < 23 
GWs/ 20                      
Neonatal Deaths/ 
171                     
Stillbirths/ 184                         
Multiple 
pregnancies/ 
1712                                             
	  
To identify perinatal 
differences between 
socioeconomic groups 
and to clarify the 
contribution of SES to 
asthma in offspring 
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4.2 ASTHMA AMONG OFFSPRING 
 
In   the   present   study,   children   who   were   entitled   to   special   reimbursement   for   anti-­‐‑asthmatic  
drugs  (AADs)  and  purchased  them  at  least  once  after  the  diagnosis  were  considered  as  asthmatics  
(Metsälä  et  al.  2008,  Metsälä  et  al.  2014).     Selection  of  AADs  was  based  on  Finnish  Current  Care  
guidelines  (Haahtela  et  al.  2013)  and  recommendations  of  the  Social  Insurance  Institution.    
        Asthmatic   children   with   medication   who   were   included   in   the   study   were   identified   in   the  
register  of  the  Social  Insurance  Institution  of  Finland  (KELA).  KELA  maintains  a  national  register  
of   reimbursed   medicines   purchased   by   Finnish   citizens.   In   cases   of   asthma,   AADs   were   75%  
reimbursed   up   to   2005   and   today   they   are   72%   reimbursed   (Martikainen   J   2002).   Special  
reimbursement  decisions  were  based  on  clinical  diagnosis  codes;  ICD-­‐‑9  (codes  493.0-­‐‑.9A,  B  or  X)  
and   ICD-­‐‑10   (codes   J45.0,   J45.1,   J45.8,   J45.9   and   J46)   (KELA  2014),   and  on   certificate  B  presented  
usually  by  a  pediatrician   in  cases  of  childhood  asthma.  The  disease  needs   to   fulfill   strict  criteria  
given   by   the   institution.   Certificates   are   always   verified   by   a   consultant   physician   in  KELA,   to  
ensure  that  the  criteria  are  met.    
        The   right   to   receive   special   refundable   standard   AADs   is   granted   by   KELA   to   non-­‐‑
institutionalized   patients.   AADs   are   categorized   according   to   the   Finnish   Medicines   Agency  
(FIMEA)   and   the   register   includes   information   on   drug   class   (the   Anatomical   Therapeutic  
Chemical  [ATC]  classification  system)  and  the  dispensing  date.  In  cases  of  childhood  asthma,  ATC  
groups   are   R03   and   R06   and   they   include   drugs   for   obstructive   airway   diseases   consisting   of  
inhaled   beta2-­‐‑agonists,   glucocorticoids,   long-­‐‑acting   beta2-­‐‑agonists   and   antileukotrienes.   The  
identification  number  for  asthma  is  203  in  the  KELA  reimbursement  register.  
        Variables   used   to   collect   data   on   asthmatic   children   from  KELA   registers   included   a   unique  
identification  number,  the  ICD  code  for  asthma,  the  reimbursement  code  for  asthma  and  the  first  
and   last  date   of  AAD   reimbursement.   Special  medicine   reimbursement  decisions  were  made   in  
connection   with   ICD-­‐‑9   and   ICD-­‐‑10   codes.      Most   of   the   medicines   were   purchased   for   limited  
period  of  time  and  were  checked  annually  by  doctors.  Separate  decisions  on  reimbursement  were  
linked  together.    
          
4.3 DEFINITIONS  
4.3.1  Maternal  pre-­‐‑pregnancy  characteristics  
Parity  was   divided   two  ways:   primiparous   and  multiparous   (one   or  more   previous   deliveries).  
Previous  miscarriage  was  defined  as  the  loss  of  pregnancy  before  22+0  weeks  of  gestation  (GWs).  
Prior  induced  abortion  was  defined  as  the  medical  or  surgical  abortion  of  a  viable  fetus.    Maternal  
fecundity   factors  were   either   self-­‐‑reported   or   recorded   according   to   case   notes  when   there   had  
been   infertility   treatment   at   KUH   or   in   outpatient   clinics.   Time   to   pregnancy   (months)   was  
obtained   via   self-­‐‑reporting   or   by   calculating   the   time   from   discontinuation   of   contraception   to  
onset   of   pregnancy.   Fecundity   variables   in   the   index   pregnancy   were   evaluated   as   follows:  
medically   assisted   treatment   included  ovulation   induction   by   clomifene   citrate   (Clomifene®)   or  
other  medicines,   and   insemination  or  assisted   reproduction   technology   (ART,   including   in-­‐‑vitro  
fertilization  [IVF]  and  intra-­‐‑cytoplasmic  sperm  injection  [ICSI]).  In  Study  I,  ART  included  both  IVF  
and   ICSI   before   the   index  pregnancy   and   in   Studies   II–IV  ART  also   included   insemination   and  
ovulation  induction  by  Clomifene®  or  other  medicines.    
        Data  on  chronic  diseases  were  either  self-­‐‑reported  or  based  on  case  notes.  Maternal  diabetes  was  
defined   as   pre-­‐‑pregnancy   diabetes,   and   gestational   diabetes   mellitus   was   based   on   abnormal  
results  in  oral  glucose  tolerance  tests  usually  performed  during  the  second  trimester  of  the  current  
pregnancy.  Other  chronic  diseases  were  conditions  requiring  regular  medication,  such  as  epilepsy,  
thyroid   disease,   chronic   bowel   disease   or   autoimmune   diseases.   Maternal   marital   status   was  
recorded   in   two   categories:   married   and   unmarried,   the   latter   including   cohabitating,   single,  
widowed  and  divorced.  In  Study  IV,  the  married  category  contained  both  married  and  cohabiting  
mothers  because  it  was  considered  to  demonstrate  better  the  real  family  income  in  different  SES  
groups.    
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Information  on  maternal  SES  was  based  on  the  mother’s  occupation  at  the  time  of  birth.  It  was  
based  on   the  EU  classification  of  occupations,   ISCO-­‐‑88(COM),  which  has  been   in  use  since  1991  
(Statistics   Finland   2014).   Ambiguous   data   was   evaluated   by   a   statistician.   At   first,   SES   was  
categorized  into  six  classes:  upper  white-­‐‑collar  workers  (e.g.  teachers,  journalists  and  physicians),  
lower   white-­‐‑collar   workers   (e.g.   nurses   and   secretaries),   blue-­‐‑collar   workers   (e.g.   cooks,  
dressmakers  and  cleaners),  “others”  (e.g.  housewives,  students,  unemployed,  retired  people)  and  
the  fifth  class  was  entrepreneurs.	  The  sixth  group  consisted  mainly  of  farmers  or  other  producers  
of  agricultural  goods,  but  since  they  constituted  only  2.9%  of  the  total  study  population,  they  were  
included   in   the  group  “others”   to  make  classification  similar   to   that   in  previous  Finnish  studies  
(Gissler   et   al.   2009,   Räisänen   et   al.   2013d).   Cases   with  missing   SES   status   (n=2324,   5.8%)   were  
analyzed  separately.  The  final  SES  grouping  consisted  of  five  classes.  
Health  behavior  was  also  assessed  via  the  questionnaire.  In  all  studies,  parents  were  considered  
as  1)  non-­‐‑smokers,  2)  smokers  if  they  daily  smoked  five  or  more  cigarettes  during  pregnancy,  and  
3) a  quitter,  when  they  quit  smoking  before  the  onset  of  pregnancy  or  before  13+0  GWs.  In  Studies
I  and  II,  only  maternal  smoking  was  considered  as  a  risk  factor  and  in  Study  III  paternal  smoking
during   ongoing   pregnancy   was   also   considered.   In   Study   IV,   smoking   was   divided   into   three
categories;  no  parental  smoking,  one  parent  smoked  or  both  parents  smoked  during  pregnancy.
Maternal   pre-­‐‑pregnancy   BMI   less   than   25   kg/m2   was   categorized   as   normal,   according   to
international  values  (WHO  2000).
4.3.2  Pregnancy  and  delivery  characteristics  
Estimation  of  gestational  age  was  based  on  the  date  of  the  last  menstrual  period  unless  there  was  a  
discordance  of  more  than  seven  days  with  the  first  trimester  ultrasonographic  measurements  or  a  
discordance  of  more   than   14  days  with   second   trimester  ultrasonographic  measurements.  More  
than   90%  of   the   pregnant  women  underwent   ultrasonographic   examination,   as   reported   earlier  
(Heinonen  et  al.  2001).    
        In  Study   II  we  categorized  gestational  age  at  birth  as  very  preterm  (≤  27+6  GWs),  moderately  
preterm  (28+0  to  32+6  GWs),  late  preterm  (33+0  to  36+6  GWs),  early  term  (37+0  to  38+6  GWs),  term  
(39+0   to  40+6  GWs),   late   term  (41+0   to  41+6  GWs)  and  post-­‐‑term  (≥  42+0  GWs).  Classification  of  
preterm   deliveries   differed   from   international   recommendations   (Raju   2013,   Chabra   2014).   In  
Studies   I,   III   and   IV,  gestational  age  at  birth  was  classified   into   three   categories   (≤  36+6,  37+0   to  
40+6,   ≥   41+0   GWs).   The   mode   of   delivery   was   defined   as   vaginal,   instrumental   (vacuum  
extraction)   or   cesarean   section.   Instrumental   deliveries   were   included   in   the   vaginal   delivery  
group.   In  Study   IV,  CSs  were  divided   into  elective  CS  or  CS  during  delivery.  Prior  CS  or  other  
major  surgery  scarring  the  uterus  was  also  recorded.  
Diagnoses  of  chorioamnionitis  were  set  clinically  by  obstetricians  at  the  time  of  birth  or  during  
the  hospital  stay.  Adverse  pregnancy  outcomes  were  defined  as  follows:  infants  were  considered  
SGA  when  the  age-­‐‑  and  sex-­‐‑adjusted  birth  weight  was  below  the  tenth  percentile  according  to  the  
normal   tables   for   our   population   (Heinonen   et   al.   2001).   The   admission   rate   to   the   neonatal  
intensive   care   unit   (NICU)   was   recorded   in   terms   of   infants   requiring   more   than   24   hours   of  
surveillance.   The   figures   also   included  neonates  who  needed  only   observation,   since   they  were  
also  taken  to  the  NICU  at  KUH.  
In  Study   II,  age  of   the  child  at   the  onset  of  medicine  reimbursement  was  classified   into   three  
categories  (0–6,  7–12,  ≥  13  years  of  age).  In  Studies  III  and  IV,  follow-­‐‑up  time  in  cases  of  childhood  
asthma  was   taken   into  account  by  using   the   child’s   age  at   the  onset  of   asthma.  Further,   among  
healthy  children,  the  child’s  age  was  recorded  as  that  at  the  end  of  the  study  (2006  or  2007).    
4.4 STATISTICAL ANALYSIS 
Statistical  analyses  were  performed  by  using  the  Statistical  Package  for  the  Social  Sciences  (SPSS  
for  Windows   versions   17.0   and   21.0,   Chicago,   Illinois,   USA).  Most   of   the   continuous   variables  
were  transformed  into  categorical  variables  or  dichotomous  variables.  It  is  possible  to  examine  the  
factors  that  explain  non-­‐‑linear  connections	  by  classifying  variables.  Imputing  ordinal  variables  as  
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continuous  may bias  estimation  of  the  exposure–outcome  association  in  the  presence  of  non-­‐‑linear  
relationships (Lee  et  al.  2012). The  parameters  of  variables  were  tabulated  and  differences between  
subjects  and  controls  were  tested  by  using  Pearson’s  chi-­‐‑square  test  and  the  Mann–Whitney  U test  
to   analyze  univariate  data  on  maternal   and  prenatal  pregnancy   characteristics in the   study  and  
control  groups.    A  p value  of  <  0.05  was  deemed  to  be  statistically  significant.  
Logistic  multivariable analyses  were  used  to   investigate  the  risk  of  asthma  in  offspring.   In  all  
studies, outcomes  were   adjusted   for   confounding   factors,  which   varied   in   the  different   studies.  
Possible   confounding   factors  were   selected   on   the   basis   of   univariate analysis or   earlier-­‐‑known  
clinical   importance. Such  factors   included  maternal  asthma  and  other  chronic  diseases, maternal  
age  and  parity,  maternal  smoking, maternal  pre-­‐‑pregnancy  BMI, mode  of  delivery,  child’s  gender
and   gestational   weeks   at   delivery. Furthermore,   marital   status, child’s   age and   ART   were  
considered  as  confounding  factors. Follow-­‐‑up  time  was  used  as  a  variable,  even  though  it  could  
have  given  excessive impact  to those  asthmatic  children  who  had asthma  at  an  early  age.  Further,
the   follow-­‐‑up   time   of   healthy   children   was considered   to   be   the   age   at   the   end   of   the   study,  
because   follow-­‐‑up time   was   limited   to include   only   childhood.   Continuous   variables   were  
categorized   and   entered   simultaneously   in the  model.   Ninety-­‐‑five   percent   confidence   intervals  
(95%  CIs)  were  evaluated.  
In   Study   II,   in   order   to   examine   whether   background   factors (mode   of   delivery,   maternal  
smoking,   ART,   fetal   sex,   and   maternal   asthma   and   parity)   contributed   to   differences   in   the  
incidence   of   childhood   asthma,  we   estimated   the   contribution   of   each   of   these   factors   by  using  
logistic  regression  and  comparing  the  percentage  reductions  in  odd  ratios  (ORs).  Each confounder  
was   added   separately   to  Model   2,   and   the   contribution   of   each   factor   (models  A/B/C/D/E)  was  
measured  by  the  percentage  reduction  in  the  OR  of  childhood  asthma.  The  formula  used  was:  (OR  
Model  2  – OR  Model  X   [A/B/C/D/E])   /   (OR  Model  2  – 1) (Van  De  Mheen  et   al.   1997).  A   similar  
estimation  was  made in  Study  IV  and  the  results  are  presented  in  Table  9 (page  35).  Furthermore,  
in  Study  II,  we  estimated  the  extra  cases  of  asthma  among  offspring  because  of  prematurity.  The  
formula  used  was based  on  comparison  of  frequencies.  Thus,  if  the  study  population had the  same
number  of  asthma  cases  as the  reference  group,  the  extra  cases of  asthma would  have  been zero.  
Therefore, when   the   frequency of   asthma increases,   it   is   possible   to calculate   how  many  more  
asthma   cases   there   are. Extra   cases   were   calculated   by using   the   formula: (N   [asthma/1000  
deliveries] – N  [reference  asthma  group] × N  [total  number  of  deliveries])/1000.
Both   logistic   and   survival   analyses   are   used   in   epidemiological   studies.   We   chose   logistic  
regression   analysis   to   investigate   multivariate-­‐‑adjusted   associations between   risk   factors   and  
outcome.   To   demonstrate   that the   chosen statistical   method   did   not   considerably   alter the  
observed  findings, we  performed  multivariate  analyses and Cox  regression  analysis  in  Studies  II  
and   IV. Comparison  of the   results is shown   in  Table 8.  Regardless  of  use of  different statistical  
methods,  the  results remained constant.
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Information  on  maternal  SES  was  based  on  the  mother’s  occupation  at  the  time  of  birth.  It  was  
based  on   the  EU  classification  of  occupations,   ISCO-­‐‑88(COM),  which  has  been   in  use  since  1991  
(Statistics   Finland   2014).   Ambiguous   data   was   evaluated   by   a   statistician.   At   first,   SES   was  
categorized  into  six  classes:  upper  white-­‐‑collar  workers  (e.g.  teachers,  journalists  and  physicians),  
lower   white-­‐‑collar   workers   (e.g.   nurses   and   secretaries),   blue-­‐‑collar   workers   (e.g.   cooks,  
dressmakers  and  cleaners),  “others”  (e.g.  housewives,  students,  unemployed,  retired  people)  and  
the  fifth  class  was  entrepreneurs.	  The  sixth  group  consisted  mainly  of  farmers  or  other  producers  
of  agricultural  goods,  but  since  they  constituted  only  2.9%  of  the  total  study  population,  they  were  
included   in   the  group  “others”   to  make  classification  similar   to   that   in  previous  Finnish  studies  
(Gissler   et   al.   2009,   Räisänen   et   al.   2013d).   Cases   with  missing   SES   status   (n=2324,   5.8%)   were  
analyzed  separately.  The  final  SES  grouping  consisted  of  five  classes.  
Health  behavior  was  also  assessed  via  the  questionnaire.  In  all  studies,  parents  were  considered  
as  1)  non-­‐‑smokers,  2)  smokers  if  they  daily  smoked  five  or  more  cigarettes  during  pregnancy,  and  
3)  a  quitter,  when  they  quit  smoking  before  the  onset  of  pregnancy  or  before  13+0  GWs.  In  Studies  
I  and  II,  only  maternal  smoking  was  considered  as  a  risk  factor  and  in  Study  III  paternal  smoking  
during   ongoing   pregnancy   was   also   considered.   In   Study   IV,   smoking   was   divided   into   three  
categories;  no  parental  smoking,  one  parent  smoked  or  both  parents  smoked  during  pregnancy.  
Maternal   pre-­‐‑pregnancy   BMI   less   than   25   kg/m2   was   categorized   as   normal,   according   to  
international  values  (WHO  2000).      
4.3.2  Pregnancy  and  delivery  characteristics  
Estimation  of  gestational  age  was  based  on  the  date  of  the  last  menstrual  period  unless  there  was  a  
discordance  of  more  than  seven  days  with  the  first  trimester  ultrasonographic  measurements  or  a  
discordance  of  more   than   14  days  with   second   trimester  ultrasonographic  measurements.  More  
than   90%  of   the   pregnant  women  underwent   ultrasonographic   examination,   as   reported   earlier  
(Heinonen  et  al.  2001).    
        In  Study   II  we  categorized  gestational  age  at  birth  as  very  preterm  (≤  27+6  GWs),  moderately  
preterm  (28+0  to  32+6  GWs),  late  preterm  (33+0  to  36+6  GWs),  early  term  (37+0  to  38+6  GWs),  term  
(39+0   to  40+6  GWs),   late   term  (41+0   to  41+6  GWs)  and  post-­‐‑term  (≥  42+0  GWs).  Classification  of  
preterm   deliveries   differed   from   international   recommendations   (Raju   2013,   Chabra   2014).   In  
Studies   I,   III   and   IV,  gestational  age  at  birth  was  classified   into   three   categories   (≤  36+6,  37+0   to  
40+6,   ≥   41+0   GWs).   The   mode   of   delivery   was   defined   as   vaginal,   instrumental   (vacuum  
extraction)   or   cesarean   section.   Instrumental   deliveries   were   included   in   the   vaginal   delivery  
group.   In  Study   IV,  CSs  were  divided   into  elective  CS  or  CS  during  delivery.  Prior  CS  or  other  
major  surgery  scarring  the  uterus  was  also  recorded.  
Diagnoses  of  chorioamnionitis  were  set  clinically  by  obstetricians  at  the  time  of  birth  or  during  
the  hospital  stay.  Adverse  pregnancy  outcomes  were  defined  as  follows:  infants  were  considered  
SGA  when  the  age-­‐‑  and  sex-­‐‑adjusted  birth  weight  was  below  the  tenth  percentile  according  to  the  
normal   tables   for   our   population   (Heinonen   et   al.   2001).   The   admission   rate   to   the   neonatal  
intensive   care   unit   (NICU)   was   recorded   in   terms   of   infants   requiring   more   than   24   hours   of  
surveillance.   The   figures   also   included  neonates  who  needed  only   observation,   since   they  were  
also  taken  to  the  NICU  at  KUH.  
In  Study   II,  age  of   the  child  at   the  onset  of  medicine  reimbursement  was  classified   into   three  
categories  (0–6,  7–12,  ≥  13  years  of  age).  In  Studies  III  and  IV,  follow-­‐‑up  time  in  cases  of  childhood  
asthma  was   taken   into  account  by  using   the   child’s   age  at   the  onset  of   asthma.  Further,   among  
healthy  children,  the  child’s  age  was  recorded  as  that  at  the  end  of  the  study  (2006  or  2007).    
4.4 STATISTICAL ANALYSIS 
Statistical  analyses  were  performed  by  using  the  Statistical  Package  for  the  Social  Sciences  (SPSS  
for  Windows   versions   17.0   and   21.0,   Chicago,   Illinois,   USA).  Most   of   the   continuous   variables  
were  transformed  into  categorical  variables  or  dichotomous  variables.  It  is  possible  to  examine  the  
factors  that  explain  non-­‐‑linear  connections	  by  classifying  variables.  Imputing  ordinal  variables  as  
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continuous  may  bias  estimation  of  the  exposure–outcome  association  in  the  presence  of  non-­‐‑linear  
relationships  (Lee  et  al.  2012).  The  parameters  of  variables  were  tabulated  and  differences  between  
subjects  and  controls  were  tested  by  using  Pearson’s  chi-­‐‑square  test  and  the  Mann–Whitney  U  test  
to   analyze  univariate  data  on  maternal   and  prenatal  pregnancy   characteristics   in   the   study  and  
control  groups.    A  p  value  of  <  0.05  was  deemed  to  be  statistically  significant.    
Logistic  multivariable  analyses  were  used  to   investigate  the  risk  of  asthma  in  offspring.   In  all  
studies,   outcomes  were   adjusted   for   confounding   factors,  which   varied   in   the  different   studies.  
Possible   confounding   factors  were   selected   on   the   basis   of   univariate   analysis   or   earlier-­‐‑known  
clinical   importance.  Such  factors   included  maternal  asthma  and  other  chronic  diseases,  maternal  
age  and  parity,  maternal  smoking,  maternal  pre-­‐‑pregnancy  BMI,  mode  of  delivery,  child’s  gender  
and   gestational   weeks   at   delivery.   Furthermore,   marital   status,   child’s   age   and   ART   were  
considered  as  confounding  factors.    Follow-­‐‑up  time  was  used  as  a  variable,  even  though  it  could  
have  given  excessive  impact  to  those  asthmatic  children  who  had  asthma  at  an  early  age.  Further,  
the   follow-­‐‑up   time   of   healthy   children   was   considered   to   be   the   age   at   the   end   of   the   study,  
because   follow-­‐‑up   time   was   limited   to   include   only   childhood.   Continuous   variables   were  
categorized   and   entered   simultaneously   in   the  model.   Ninety-­‐‑five   percent   confidence   intervals  
(95%  CIs)  were  evaluated.    
In   Study   II,   in   order   to   examine   whether   background   factors   (mode   of   delivery,   maternal  
smoking,   ART,   fetal   sex,   and   maternal   asthma   and   parity)   contributed   to   differences   in   the  
incidence   of   childhood   asthma,  we   estimated   the   contribution   of   each   of   these   factors   by  using  
logistic  regression  and  comparing  the  percentage  reductions  in  odd  ratios  (ORs).  Each  confounder  
was   added   separately   to  Model   2,   and   the   contribution   of   each   factor   (models  A/B/C/D/E)  was  
measured  by  the  percentage  reduction  in  the  OR  of  childhood  asthma.  The  formula  used  was:  (OR  
Model  2  –  OR  Model  X   [A/B/C/D/E])   /   (OR  Model  2  –  1)	   (Van  De  Mheen  et   al.   1997).  A   similar  
estimation  was  made  in  Study  IV  and  the  results  are  presented  in  Table  9  (page  35).  Furthermore,  
in  Study  II,  we  estimated  the  extra  cases  of  asthma  among  offspring  because  of  prematurity.  The  
formula  used  was  based  on  comparison  of  frequencies.  Thus,  if  the  study  population  had  the  same  
number  of  asthma  cases  as  the  reference  group,  the  extra  cases  of  asthma  would  have  been  zero.  
Therefore,   when   the   frequency   of   asthma   increases,   it   is   possible   to   calculate   how  many  more  
asthma   cases   there   are.   Extra   cases   were   calculated   by   using   the   formula:   (N   [asthma/1000  
deliveries]  –  N  [reference  asthma  group]  ×  N  [total  number  of  deliveries])/1000.  
Both   logistic   and   survival   analyses   are   used   in   epidemiological   studies.   We   chose   logistic  
regression   analysis   to   investigate   multivariate-­‐‑adjusted   associations   between   risk   factors   and  
outcome.   To   demonstrate   that   the   chosen   statistical   method   did   not   considerably   alter   the  
observed  findings,  we  performed  multivariate  analyses  and  Cox  regression  analysis  in  Studies  II  
and   IV.  Comparison  of   the   results   is   shown   in  Table   8.  Regardless  of  use  of  different   statistical  
methods,  the  results  remained  constant.  
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Table 8.  Associations between development of asthma among offspring at any time during childhood, 
gestational weeks at birth and maternal SES. Results analyzed by means of both logistic and Cox 
regression 
TYPE OF ANALYSIS LOGISTIC COX 
STUDY II aOR* 95% CI p-value aHR* 95% CI p-value
Very and moderately preterm 3.9 (3.2–4.8) 0.001 3.2 (2.6–3.8) < 0.001 
Late preterm 1.7 (1.4–2.0) 0.001 1.6 (1.4–1.9) < 0.001 
Early term 1.2 (1.1–1.4) 0.001 1.1 (1.0–1.2) 0.036 
Term 1 1 
Late and post-term 0.9 (0.8–1.0) 0.010 1.0 (0.9–1.1) 0.635 
STUDY IV aOR (95% CI)** 
aHR (95% 
CI)*** 
Upper white-collar worker 1 1 
Lower white-collar worker 1.0 (0.9–1.2) 0.816 1.0 (0.9–1.2) 0.762 
Blue-collar worker 1.0 (0.9–1.2) 0.950 1.1 (0.9–1.2) 0.388 
Other 1.0 (0.9–1.2) 0.776 1.0 (0.9–1.2) 0.878 
Missing 0.4 (0.3–0.5) < 0.001 0.4 (0.3–0.5) < 0.001 
aOR (adjusted Odds Ratio)  
aHR (adjusted Hazard Ratio) 
*Adjusted for the following maternal factors at birth: asthma, diabetes mellitus, GDM,
hypertension, other chronic disease, age, parity, pre-pregnancy BMI, smoking, marital status, and
ART, sex of child, gestational weeks at birth, umbilical cord length, Apgar score at 5 min, mode of
delivery and number of fetuses
**Adjusted for maternal factors (asthma, hypertension, parity and ART), parental smoking and 
neonatal factors (sex, gestational age at birth, mode of delivery and onset of asthma, or, among 
controls, follow-up time) 
***Adjusted for maternal factors (asthma, hypertension, parity and ART), parental smoking and 
neonatal factors (sex, gestational age at birth, mode of delivery) 
4.5 ETHICAL CONSIDERATIONS 
The  study  was  approved  by  Ethics  Research  Committee  of  Kuopio  University  Hospital  in  2008  
and  the  Committee  gave  permission  to  publish  the  study  results.  The  study  was  also  registered  at  
Kuopio  University  Hospital  research  register  in  2008  (TUTKI):  ID  5302448.    
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5 Results
5.1 CHARACTERISTICS OF THE STUDY POPULATION
The  total  study  population  varied  between  39  306  and 44 173  depending  on  the  exclusion  criteria
in   each   study.   Compared   with   controls,   mothers   of   children   with   asthma   smoked   more often
during   pregnancy,   were   younger,   more   frequently   had   infertility   problems   before   the   index  
pregnancy   and   were   more   often married. Asthma and   hypertension   were   more   prevalent   in  
mothers   of   asthmatic   children but   they   less   often   had   gestational   diabetes.   Asthmatic   children  
were  born  earlier  than  healthy  children.  
The   prevalence   of asthma in offspring was   6.0%   in   singleton   pregnancies. It   was   higher   in  
children  born  of  multiple  pregnancies,  being  8.6%  among  twins  and  9.2%  among  triplets.  Three-­‐‑
quarters   of   asthmatic   children were   born   vaginally.  A   child’s  mean   age   at   the   onset   of   asthma  
reimbursement  was   4.2   years and  more   than   80%   of   children had   asthma   by   the   age   of   seven
years. The  prevalence  of   asthma  was   low  among   infants, since  only   twenty  of   them (0.8%)  had  
asthma  before two years   of   age.   The   basic   characteristics   of   the   study  population   are shown   in  
Table  9.
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Table 8. Associations between development of asthma among offspring at any time during childhood,
gestational weeks at birth and maternal SES. Results analyzed by means of both logistic and Cox
regression
TYPE OF ANALYSIS LOGISTIC COX
STUDY II aOR* 95% CI p-value aHR* 95% CI p-value
Very and moderately preterm 3.9 (3.2–4.8) 0.001 3.2 (2.6–3.8) < 0.001
Late preterm 1.7 (1.4–2.0) 0.001 1.6 (1.4–1.9) < 0.001
Early term 1.2 (1.1–1.4) 0.001 1.1 (1.0–1.2) 0.036
Term 1 1
Late and post-term 0.9 (0.8–1.0) 0.010 1.0 (0.9–1.1) 0.635
STUDY IV aOR (95%CI)**
aHR (95%
CI)***
Upper white-collar worker 1 1
Lower white-collar worker 1.0 (0.9–1.2) 0.816 1.0 (0.9–1.2) 0.762
Blue-collar worker 1.0 (0.9–1.2) 0.950 1.1 (0.9–1.2) 0.388
Other 1.0 (0.9–1.2) 0.776 1.0 (0.9–1.2) 0.878
Missing 0.4 (0.3–0.5) < 0.001 0.4 (0.3–0.5) < 0.001
aOR (adjusted Odds Ratio)
aHR (adjusted Hazard Ratio)
*Adjusted for the following maternal factors at birth: asthma, diabetes mellitus, GDM,
hypertension, other chronic disease, age, parity, pre-pregnancy BMI, smoking, marital status, and
ART, sex of child, gestational weeks at birth, umbilical cord length, Apgar score at 5 min, mode of
delivery and number of fetuses
**Adjusted for maternal factors (asthma, hypertension, parity and ART), parental smoking and 
neonatal factors (sex, gestational age at birth, mode of delivery and onset of asthma, or, among 
controls, follow-up time)
***Adjusted for maternal factors (asthma, hypertension, parity and ART), parental smoking and 
neonatal factors (sex, gestational age at birth, mode of delivery)
4.5 ETHICAL CONSIDERATIONS
The  study  was  approved  by  Ethics  Research  Committee  of  Kuopio  University  Hospital  in  2008  
and  the  Committee  gave  permission  to  publish  the  study  results.  The  study  was  also registered  at
Kuopio  University  Hospital  research  register  in  2008  (TUTKI):  ID  5302448.  
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5  Results  
5.1 CHARACTERISTICS OF THE STUDY POPULATION 
The  total  study  population  varied  between  39  306  and  44  173  depending  on  the  exclusion  criteria  
in   each   study.   Compared   with   controls,   mothers   of   children   with   asthma   smoked   more   often  
during   pregnancy,   were   younger,   more   frequently   had   infertility   problems   before   the   index  
pregnancy   and   were   more   often   married.   Asthma   and   hypertension   were   more   prevalent   in  
mothers   of   asthmatic   children	   but   they   less   often   had   gestational   diabetes.   Asthmatic   children  
were  born  earlier  than  healthy  children.    
        The   prevalence   of   asthma   in   offspring   was   6.0%   in   singleton   pregnancies.   It   was   higher   in  
children  born  of  multiple  pregnancies,  being  8.6%  among  twins  and  9.2%  among  triplets.  Three-­‐‑
quarters   of   asthmatic   children  were   born   vaginally.  A   child’s  mean   age   at   the   onset   of   asthma  
reimbursement  was   4.2   years   and  more   than   80%   of   children   had   asthma   by   the   age   of   seven  
years.  The  prevalence  of   asthma  was   low  among   infants,   since  only   twenty  of   them   (0.8%)  had  
asthma  before   two  years   of   age.   The   basic   characteristics   of   the   study  population   are   shown   in  
Table  9.  
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Table 9. Basic characteristics of the study population in relation to asthma 
at any time among offspring 
Basic characteristics Controls
1 
N=41 512 
Asthma1 
N=2661 (6%) 
p-
value 
Maternal primiparity 17 075(41.1) 1043(39.2) 0.049 
Maternal  
Asthma 1248(3.0) 117(4.4) < 0.001 
DM2 242(0.6) 21(0.8) 0.180 
GDM3 3287(7.9) 145(5.4) < 0.001 
Hypertension 809(1.9) 78(2.9) 0.001 
Epilepsy4 327(0.9) 22(0.9) 0.994 
 Chronic disease5  3878(9.3) 278(10.4) 0.058 
ART6 1864(4.5) 183(6.9) < 0.001 
Maternal age, years 29.0(5.5) 28.7(5.3) 0.004 
Maternal smoking (> 5 cigs/day) 
before pregnancy 9202(22.2) 576(21.6) 0.530 
during pregnancy 2265(5.5) 189(7.1) < 0.001 
Pre-pregnancy BMI (kg/m2)7 23.3(4.7) 23.4(4.5) 0.236 
Number of previous pregnancies 1.44(1.63) 1.50(1.60) 0.129 
Number of previous deliveries 1.04(1.31) 1.06(1.24) 0.498 
Marital status 
unmarried 15 750(37.9) 908(34.1) 
married 25 762(62.1) 1753(65.9) < 0.001 
Socioeconomic status 
Upper white-collar worker 5375(14.3) 359(14.3) 
Lower white-collar worker 13 790(36.7) 973(38.6) 
Blue-collar worker 7528(20.0) 477(18.9) 
Entrepreneurs 1115(3.0) 52(2.1) 
Other 7582(20.2) 543(21.6) 
Missing 2210(5.9) 114(4.5) 0.001 
Mode of delivery 
Vaginal 33 981(81.9) 2053(77.2) 
cesarean section 7531(18.1) 608(22.8) < 0.001 
Singleton 39 992(96.3) 2518(94.6) 
Twin 1441(3.5) 135(5.1) 
Triplet 79(0.2) 8(0.3) < 0.001 
Boy 20 939(50.4) 1612(60.6) 
 Gestational age at birth, weeks 39.2(2.2) 38.4(3.3) < 0.001 
 Birth weight, g 3481(616) 3341(812) < 0.001 
 Birth height, cm 49.9(4.5) 49.3(3.7) < 0.001 
 Head circumference, cm 34.9(1.8) 34.6(2.4) < 0.001 
 Abdominal circumference, cm 33.8(2.1) 33.7(2.1) 0.001 
Apgar score 1 min < 7 2063(5.0) 225(8.6) < 0.001 
Apgar score 5 min < 7 806(1.9) 73(2.7) 0.004 
Child's age at onset of asthma, y 4.2(3.6) 
Age distribution, y (2008) 
0–6 years 16 237(39.1) 482(18.1) 
7–12 years 10 822(26.1) 997(37.5) 
> 13 years 14 455(34.8) 1182(44.4) 
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1) Values are mean (± 2 SD) or N (%)
p-value obtained in univariate model
2) Diabetes mellitus type I
3) Gestational diabetes mellitus
4) Data available between 1989–2007
5) Including chronic bowel disease, hypothyroidism
and autoimmune diseases
6) Assisted reproduction technology including IVF, ICSI, insemination and
ovulation induction by clomiphene and other medicines
7) Data missing in 1984 (4.5%) cases
5.2 RISK OF ASTHMA AMONG OFFSPRING
5.2.1  Infertility
Evaluation   of   maternal   fecundity   factors   revealed   several   such   factors   increasing   the   risk   of  
asthma  among offspring. In  total,  4.8%  of  the  study  pregnancies  were  associated  with  some  form  
of   infertility   treatment, including   IVF,   ICSI,   insemination   or   ovulation   induction.   The   risk   of  
asthma  was   significantly   increased   if   the  women had  had  any   self-­‐‑reported   infertility  problems  
(aOR   1.39,   95% CI 1.19–1.63) or   two   or  more   earlier  miscarriages   (aOR   1.25,   95% CI   1.04–1.51).  
Further, an  extended time  (longer than  three months) to  pregnancy (aOR  1.25,  95% CI 1.07–1.45)
was associated  with  an  increased  risk  of  asthma  among offspring compared  with  less  than  three
months to  pregnancy. IVF  and  ICSI  seemed to increase the  risk  of  asthma among offspring (aOR  
1.27,   95%   CI 0.89–1.83), but   the   results   did   not   reach   statistical   significance. Earlier   induced  
abortions  were  not  associated  with  the  risk  of  asthma  among  offspring. The  association  between  
maternal   fecundity   factors (earlier   infertility,   index   pregnancy   by   medical   or   any   infertility  
treatment)  and  risk  of  asthma  at  any  time  among  offspring  in  relation  to  maternal age  was  most  
significant among   women aged   26   to   35   years. In   older   women (≥ 36   years   of   age), no   such
association  was  observed.  After  excluding  women with  earlier  fecundity  problems,  the  significant  
association   between   increased   risk   of   asthma   at   any   time   among   offspring   versus   number   of  
earlier  miscarriages (aOR  1.26,  95%  CI 1.04–1.53) and  prolonged  time  to  pregnancy (aOR  1.25,  95%  
CI 1.08–1.45) remained. The results  are  shown  in  Table  10.
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Table 9. Basic characteristics of the study population in relation to asthma 
at any time among offspring 
	   	   	   	  Basic characteristics Controls
1           
N=41 512 
Asthma1  
N=2661 (6%) 
p-
value 
Maternal primiparity 17 075(41.1) 1043(39.2) 0.049 
Maternal  
	   	   	  Asthma 1248(3.0) 117(4.4) < 0.001 
DM2 242(0.6) 21(0.8) 0.180 
GDM3 3287(7.9) 145(5.4) < 0.001 
Hypertension 809(1.9) 78(2.9) 0.001 
Epilepsy4 327(0.9) 22(0.9) 0.994 
              Chronic disease5        3878(9.3) 278(10.4) 0.058 
ART6 1864(4.5) 183(6.9) < 0.001 
Maternal age, years 29.0(5.5) 28.7(5.3) 0.004 
Maternal smoking (> 5 cigs/day) 
	   	  before pregnancy 9202(22.2) 576(21.6) 0.530 
during pregnancy 2265(5.5) 189(7.1) < 0.001 
Pre-pregnancy BMI (kg/m2)7 23.3(4.7) 23.4(4.5) 0.236 
Number of previous pregnancies 1.44(1.63) 1.50(1.60) 0.129 
Number of previous deliveries 1.04(1.31) 1.06(1.24) 0.498 
Marital status 
	   	   	  unmarried 15 750(37.9) 908(34.1) 
	  married 25 762(62.1) 1753(65.9) < 0.001 
Socioeconomic status 
	   	   	  Upper white-collar worker 5375(14.3) 359(14.3) 
	  Lower white-collar worker 13 790(36.7) 973(38.6) 
	  Blue-collar worker 7528(20.0) 477(18.9) 
	  Entrepreneurs 1115(3.0) 52(2.1) 
	  Other 7582(20.2) 543(21.6) 
	  Missing 2210(5.9) 114(4.5) 0.001 
Mode of delivery 
	   	   	  Vaginal 33 981(81.9) 2053(77.2) 
	  cesarean section 7531(18.1) 608(22.8) < 0.001 
Singleton 39 992(96.3) 2518(94.6) 
	  Twin 1441(3.5) 135(5.1) 
	  Triplet 79(0.2) 8(0.3) < 0.001 
Boy 20 939(50.4) 1612(60.6) 
	   Gestational age at birth, weeks 39.2(2.2) 38.4(3.3) < 0.001 
 Birth weight, g 3481(616) 3341(812) < 0.001 
 Birth height, cm 49.9(4.5) 49.3(3.7) < 0.001 
 Head circumference, cm 34.9(1.8) 34.6(2.4) < 0.001 
 Abdominal circumference, cm 33.8(2.1) 33.7(2.1) 0.001 
Apgar score 1 min < 7 2063(5.0) 225(8.6) < 0.001 
Apgar score 5 min < 7 806(1.9) 73(2.7) 0.004 
Child's age at onset of asthma, y 
	  
4.2(3.6) 
	  Age distribution, y (2008) 
	   	   	  0–6 years 16 237(39.1) 482(18.1) 
	  7–12 years 10 822(26.1) 997(37.5) 
	  > 13 years 14 455(34.8) 1182(44.4) 	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1) Values are mean (± 2 SD) or N (%) 
	   	  p-value obtained in univariate model 
	   	  2) Diabetes mellitus type I 
	   	   	  3) Gestational diabetes mellitus 
	   	  4) Data available between 1989–2007 
	   	  5) Including chronic bowel disease, hypothyroidism 
and autoimmune diseases 	   	  
6) Assisted reproduction technology including IVF, ICSI, insemination and 
ovulation induction by clomiphene and other medicines 
7) Data missing in 1984 (4.5%) cases 
	   	  
	   	   	   	  
5.2 RISK OF ASTHMA AMONG OFFSPRING 
5.2.1  Infertility  
Evaluation   of   maternal   fecundity   factors   revealed   several   such   factors   increasing   the   risk   of  
asthma  among  offspring.  In  total,  4.8%  of  the  study  pregnancies  were  associated  with  some  form  
of   infertility   treatment,   including   IVF,   ICSI,   insemination   or   ovulation   induction.   The   risk   of  
asthma  was   significantly   increased   if   the  women  had  had  any   self-­‐‑reported   infertility  problems  
(aOR   1.39,   95%  CI   1.19–1.63)   or   two   or  more   earlier  miscarriages   (aOR   1.25,   95%  CI   1.04–1.51).  
Further,  an  extended  time  (longer  than  three  months)  to  pregnancy  (aOR  1.25,  95%  CI  1.07–1.45)  
was  associated  with  an  increased  risk  of  asthma  among  offspring  compared  with  less  than  three  
months  to  pregnancy.  IVF  and  ICSI  seemed  to  increase  the  risk  of  asthma  among  offspring  (aOR  
1.27,   95%   CI   0.89–1.83),   but   the   results   did   not   reach   statistical   significance.   Earlier   induced  
abortions  were  not  associated  with  the  risk  of  asthma  among  offspring.  The  association  between  
maternal   fecundity   factors   (earlier   infertility,   index   pregnancy   by   medical   or   any   infertility  
treatment)  and  risk  of  asthma  at  any  time  among  offspring  in  relation  to  maternal  age  was  most  
significant   among   women   aged   26   to   35   years.   In   older   women   (≥  36   years   of   age),   no   such  
association  was  observed.  After  excluding  women  with  earlier  fecundity  problems,  the  significant  
association   between   increased   risk   of   asthma   at   any   time   among   offspring   versus   number   of  
earlier  miscarriages  (aOR  1.26,  95%  CI  1.04–1.53)  and  prolonged  time  to  pregnancy  (aOR  1.25,  95%  
CI  1.08–1.45)  remained.  The  results  are  shown  in  Table  10.    
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5.2.2  Gestational  age  at  birth
Figure  1  shows  annual numbers  of  deliveries  and  their  distribution according  to gestational  
age in 1989–2008.  The  overall  rate of  preterm  birth  was  7.5%  during  the  study  period. The
prevalence of  asthma among offspring increased  with  decreasing  gestational  age at  birth.  
The   prevalence was   significantly   higher   among   children   born   after   preterm   gestation  
(25.6%   in  very  preterm   [25+0–28+6  GWs],   13.4%   in  moderately  preterm   [29+0–32+6  GWs]
and  9.0%  in  late  preterm  [33+0–36+6  GWs]  births), and also  in  those  children  born  at early  
term  gestation   (6.6%   [37+0–38+6  GWs]) when   compared  with those   born   at   or   after   term  
gestation  (5.5%  [≥  39+0  GWs]).  
The  significance  of  gestational  age  at  birth  as  regards the  risk  of  asthma  was evaluated  
by  multivariate  analysis.  The  risk  of  asthma among offspring was  highest  among  children  
born very   preterm   (≤   28+6  GWs) (aOR   6.4,   95%  CI   4.8–8.7)   and   it   remained   high   among  
children  born before  32+6 GWs (aOR  3.9,  95%  CI  3.2–4.8)  compared  with  children  who  were  
born  at  term (39+0–40+6  GWs).  The  risk  of  asthma among offspring was  also  significantly  
increased among   those  who  were  born   late  preterm   (aOR 1.7,  95%  CI  1.4–2.0)  and   it  was  
still increased   in   those   born   early   term   (aOR   1.2,   95%   CI   1.1–1.4). In   addition,   maternal  
asthma and  male  sex turned out  to  have  a strong effect  on  the  risk  of  asthma in offspring
born after  37  GWs compared  with  those  born preterm.  Other  risk  factors,  such  as  maternal  
smoking,  fetal  sex,  ART  and  mode  of  delivery  explained  only  10  to  20%  of  the excess  risk  of  
asthma associated   with   preterm   delivery   in   different   pregnancy   groups.   In   contrast,  
delivery  at  41+0 GWs or   later tended  to  have slight  protective  effect as  regards asthma  in  
offspring  (aOR  0.9,  95%  CI  0.8–1.0). Maternal  smoking and  male  sex  of  the  offspring  were  
found to   be   strong   determinants of   asthma   among   children   born term and   were   less  
significant  determinants in   those   born  preterm.  Late  preterm  birth   contributed   to   25%  of  
extra  cases  of  asthma among offspring and  the  figure  was  30%  as  regards  early  term  birth,  
compared  with infants  born  at  term.
Figure 1 Annual numbers of deliveries and their distribution according to gestational age, at
Kuopio University Hospital in 1989–2008
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5.2.2  Gestational  age  at  birth  
Figure  1  shows  annual  numbers  of  deliveries  and  their  distribution  according  to  gestational  
age  in  1989–2008.  The  overall  rate  of  preterm  birth  was  7.5%  during  the  study  period.  The  
prevalence  of  asthma  among  offspring   increased  with  decreasing  gestational  age  at  birth.  
The   prevalence   was   significantly   higher   among   children   born   after   preterm   gestation  
(25.6%   in  very  preterm   [25+0–28+6  GWs],   13.4%   in  moderately  preterm   [29+0–32+6  GWs]  
and  9.0%  in  late  preterm  [33+0–36+6  GWs]  births),  and  also  in  those  children  born  at  early  
term  gestation   (6.6%   [37+0–38+6  GWs])  when   compared  with   those   born   at   or   after   term  
gestation  (5.5%  [≥  39+0  GWs]).    
          The  significance  of  gestational  age  at  birth  as  regards  the  risk  of  asthma  was  evaluated  
by  multivariate  analysis.  The  risk  of  asthma  among  offspring  was  highest  among  children  
born   very   preterm   (≤   28+6  GWs)	   (aOR   6.4,   95%  CI   4.8–8.7)   and   it   remained   high   among  
children  born  before  32+6  GWs  (aOR  3.9,  95%  CI  3.2–4.8)  compared  with  children  who  were  
born  at  term  (39+0–40+6  GWs).  The  risk  of  asthma  among  offspring  was  also  significantly  
increased  among   those  who  were  born   late  preterm   (aOR  1.7,   95%  CI  1.4–2.0)  and   it  was  
still   increased   in   those   born   early   term   (aOR   1.2,   95%   CI   1.1–1.4).   In   addition,   maternal  
asthma  and  male  sex  turned  out  to  have  a  strong  effect  on  the  risk  of  asthma  in  offspring  
born  after  37  GWs  compared  with  those  born  preterm.  Other  risk  factors,  such  as  maternal  
smoking,  fetal  sex,  ART  and  mode  of  delivery  explained  only  10  to  20%  of  the  excess  risk  of  
asthma   associated   with   preterm   delivery   in   different   pregnancy   groups.   In   contrast,  
delivery  at  41+0  GWs  or   later   tended  to  have  slight  protective  effect  as  regards  asthma  in  
offspring  (aOR  0.9,  95%  CI  0.8–1.0).  Maternal  smoking  and  male  sex  of  the  offspring  were  
found   to   be   strong   determinants   of   asthma   among   children   born   term   and   were   less  
significant  determinants   in   those   born  preterm.  Late  preterm  birth   contributed   to   25%  of  
extra  cases  of  asthma  among  offspring  and  the  figure  was  30%  as  regards  early  term  birth,  
compared  with  infants  born  at  term.    
Figure 1 Annual numbers of deliveries and their distribution according to gestational age, at 
Kuopio University Hospital in 1989–2008 
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  5.2.3  Parental  smoking  during  pregnancy  
The   prevalence   of   asthma   was   9%   among   offspring   when   both   parents   smoked   during  
pregnancy.   It   was   considerably   lower,   7.7%,   if   only   one   parent   smoked   throughout   the  
pregnancy.  The   rate  of  maternal   cessation  of   smoking  before  or  during   the   first   trimester  
was  similar  in  both  the  mothers  of  healthy  and  asthmatic  children  (13.2%  and  13.1%),  but  
asthmatic  children  considerably  more  often  had  a  smoking  father  and/or  mother  compared  
with   families  with   healthy   children   (fathers:   29.5%   vs.   24.1%;  mothers:   14.0%   vs.   11.9%).  
Fewer  fathers  of  asthmatic  children  changed  their  smoking  habits,  since  paternal  cessation  
of   smoking   was   less   prevalent   than   among   the   fathers   of   healthy   children   (8.9%   versus  
12.3%).  In  the  total  study  population,  maternal  smoking  during  pregnancy  decreased  from  
13.2%   to   9.6%   during   a   ten-­‐‑year   period,   but   a   similar   trend  was   not   seen   in   the   rate   of  
cessation  of  smoking.    
        Almost  half  (49.5%)  of  the  asthmatic  children  lived  in  families  with  non-­‐‑smoking  parents.  
The  prevalence  of  asthma  differed   from  7.7%  to  7.2  %   if   the  mother  quit   smoking  during  
pregnancy  and  the  father  was  a  nonsmoker  and  from  9.0%  to  8.2%  if  the  father  smoked.  The  
corresponding  differences  in  asthma  prevalence  in  families  where  the  father  quit  smoking  
were  from  7.7%  to  5.0%  and  from  9.0%  to  4.6%,  respectively.  In  multivariable  analysis  the  
risk   of   asthma  was   increased   in   all   cases  with   paternal   smoking,   regardless   of  maternal  
smoking.  The  risk  of  asthma  was  highest  if  both  parents  smoked  (aOR  3.0,  95%  CI  2.6–3.5)  
and  it  remained  high  if  either  one  of  the  parents  smoked  (mother:  aOR  1.7,  95%  CI  1.3–2.2,  
father:  aOR  2.3,  95%  CI  2.0–2.6)  compared  with  children  of  nonsmoking  parents.  The  risk  of  
asthma  remained  significantly  increased  in  families  where  the  mother  quit  smoking  and  the  
father   smoked   (aOR   2.3,   95%   CI   1.9–2.7).   Interaction   testing   of   maternal   and   paternal  
smoking  status  was  nonsignificant  (p  =  0.727).  However,  a  protective  effect  as  regards  the  
risk   of   asthma   among   offspring  was   detected   in   all   cases  when   the   father   quit   smoking  
during  pregnancy,  regardless  of  maternal  smoking  (aORs  0.4–0.5).  
5.2.4  Maternal  socioeconomic  status  during  pregnancy  and  perinatal  risks    
We   evaluated	  maternal   and   prenatal   differences   between   various   socioeconomic   groups.  
Furthermore,   we   aimed   to   see   if   maternal   SES   affected   the   burden   of   asthma   during  
childhood.   The   highest   prevalence   of   asthma   (6.6%)   was   seen   in   families   of   mothers  
belonging   to   lower  white-­‐‑collar  workers   (including,   for   example,   nurses   and   secretaries).  
However,  no  clear  and  statistically  significant  differences  were  detected  in  the  prevalence  
of   childhood   asthma   between   SES   groups,   since   the   lowest   prevalence   was   still   6.0%  
(among  blue-­‐‑collar  workers).  Additionally,  in  adjusted  analysis,  low  maternal  SES  did  not  
increase  the  risk  of  asthma  among  offspring.  In  sub-­‐‑analysis,  the  prevalence  of  asthma  was  
lowest  (4.9%)  among  entrepreneurs,  these  being  mostly  farmers  in  Kuopio  district.  Further,  
belonging  to  a  group  where  maternal  SES  was  not  defined  was  associated  with  a  protective  
effect   against   asthma   (aOR   0.42,   95%   CI   0.32–0.54).   The   result   reflected   the   fact   that   the  
group  was  very  heterogeneous  and  probably  consisted  of  women  of  all  SES  groups.  
        Additional  analysis  was  carried  out  to  assess  the  possible  contribution  of  each  risk  factor  
in   relation   to   SES   by   using   logistic   regression   analysis   and   calculating   the   potential  
percentage  reduction  in  OR  (Table  11).  None  of  the  potential  risk  factors  contributed  to  the  
difference  in  risk  of  asthma  between  different  SES  groups.  
        Maternal   socioeconomic   factors   were   strongly   associated   with   most   of   the   studied  
prenatal   and   perinatal   factors.   Some   well-­‐‑known   differences   were   seen   between   SES  
groups,  since  smoking,  lower  birth  weight,  mother’s  young  age  and  being  unmarried  were  
more   prevalent   in   lower   SES   groups.  Upper  white-­‐‑collar  women  were   older,  more   often  
married   and  more   often   had   fertility   problems,   fewer   pregnancies   and   they   smoked   less  
often   compared  with   the  other  SES  groups.  Additionally,   they  had   fear  of   childbirth  and  
delivered  at  term  by  CS  more  often  than  their  counterparts  of  lower  SES.  Over  60%  of  blue-­‐‑
collar   women   were   less   than   30   years   of   age,   in   over   one   fourth   of   cases   both   parents  
smoked  and  they  had  had  more  previous  abortions  than  women  in  the  other  groups.  In  the  
total   study  population,   changes   in   social   class  division  occurred.  From   the   early   1990s   to  
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2008,   the   proportion of   blue-­‐‑collar   women decreased   from   27%   to   14%,   while the  
proportions of   upper white-­‐‑collar   women   and   women   belonging   to   “others” increased
from   13%   to   15% and from   17%   to   23%,   respectively.   Further, the   proportion   of   those  
women  who  had  an  unclear,  unclassifiable  SES increased in  the  study  population from  the  
1990s  to  2008 from  4%  to  21% (Figure  2).
Figure 2. Changes in maternal socioeconomic status among childbearing women at Kuopio 
University Hospital, 1989–2008
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2008,   the   proportion   of   blue-­‐‑collar   women   decreased   from   27%   to   14%,   while   the  
proportions   of   upper   white-­‐‑collar   women   and   women   belonging   to   “others”   increased  
from   13%   to   15%   and   from   17%   to   23%,   respectively.   Further,   the   proportion   of   those  
women  who  had  an  unclear,  unclassifiable  SES  increased  in  the  study  population  from  the  
1990s  to  2008  from  4%  to  21%  (Figure  2).  
 
 
Figure 2. Changes in maternal socioeconomic status among childbearing women at Kuopio 
University Hospital, 1989–2008 
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6  Discussion
6.1 IMPORTANCE OF THE STUDY
Asthma  is  the  most  common  disease  among  children, affecting normal  childhood and  the  
dynamics  of  the  whole  family.  Furthermore,  it  carries significant  health  and  societal  costs.
Despite   better   healthcare,   improved   treatment   options   and   improved   and   equal  
opportunities  as   regards care,   the  prevalence  of  asthma  and  other  allergic  diseases   is still  
increasing.  The  major  challenge   in  asthma  research  in  recent decades  has  been to   identify  
specific   asthma-­‐‑related   genes, and also   to   understand   the   impact of   environmental  
conditions influencing   the   incidence   of   asthma. Though   environmental   exposures  during  
early   postnatal   life are   important  mediators associated  with the development   of   asthma
during   childhood,   the   significance  of  prenatal   environmental   factors   and  maternal  health  
and   lifestyle cannot   be   underestimated,   since   prenatal   programming,   immunological  
changes  and   immune  development  have  been suggested   to  originate  as  early  as in  utero.  
Only  by  understanding  the  early  background  and  possible  risks  of  asthma,  could  we  better  
prevent  its  occurrence.
Several   studies   have   shown   that   exposure to   unfavorable environments during  
pregnancy  is associated  with  a significantly  increased  risk  of  later  diseases,  such  as  asthma
in offspring.  Partly, these  environmental  changes  are  due  to  changes  in  maternal  health  and  
lifestyle, as  well  as socioeconomic  changes  in  society increasing  maternal  health  problems
and   complicating   pregnancy   and   motherhood.   The   aim   of   this   study was   to   identify  
prenatal  maternal  risk  factors  of  asthma in offspring,  emphasizing  those  factors  that could  
be  relevant   to  childhood illnesses in  Finnish  society. This  study  gave  new  general   insight  
into the   development   of   asthma   among   children, improving   awareness   of   factors
predisposing  the  fetus  to asthma  as  early  as in  utero.
6.2 MAIN FINDINGS 
The   study  population   consisted   of   a   large   cohort   of   pregnant  women   in   a   single   tertiary  
university  hospital   in  Kuopio  district, with 45 030  deliveries   in twenty  years   (1989–2008).  
The   outcome,   asthma   among   offspring, varied   from 6   to   6.7% during   the   study   period,
depending  on   exclusion   criteria.  The  mean  age  of   offspring  was   4.2   years   at   the  onset   of  
asthma  and  more  than  three  quarters  of  asthmatic children  had  the  condition by  the  age  of  
seven   years.   As   expected,   male   offspring   had asthma   more   often than girls, and   the  
prevalence  of  asthma  was more  common  in  mothers  of  asthmatic  children.
The  main  finding  was  that children  of  mothers  with  fertility  problems  before  pregnancy  
had  a  higher risk  of  asthma. Children  of  mothers  with  any  earlier   self-­‐‑reported   infertility  
problems before   the   index   pregnancy had   a   1.4-­‐‑fold   increased   risk   of   asthma   during  
childhood compared  with children  of  mothers  without  such  problems.  Further,  children  of  
mothers  with  any   infertility   treatment  before  ongoing  pregnancy  had a  1.5-­‐‑fold increased
risk  of  asthma  during  their  childhood  and children  born  after  ART-­‐‑associated  pregnancies  
(including  IVF  and  ICSI)  tended  to  have  an  increased risk  of asthma,  although  this  was  not
of statistical  significance. Prolonged  time  to  pregnancy (>  3  and  > 7  months) as  well  as  two  
or  more  earlier  miscarriages,  but  not  induced  abortions,  increased  the  risk  of  asthma among  
offspring.
As   expected,   prematurity   was   a   significant   risk   factor   as   regards asthma   among  
offspring; moderately  preterm  birth  increased  the  risk of  asthma  almost  threefold and  very  
preterm  birth  increased  it  over  sixfold compared  with children  born at or after  term  (≥  39+0  
GWs).  Children  born  late  preterm  still  had  an  almost  twofold  risk  of asthma  compared  with
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6  Discussion  
6.1 IMPORTANCE OF THE STUDY 
Asthma  is  the  most  common  disease  among  children,  affecting  normal  childhood  and  the  
dynamics  of  the  whole  family.  Furthermore,  it  carries  significant  health  and  societal  costs.	  
Despite   better   healthcare,   improved   treatment   options   and   improved   and   equal  
opportunities  as   regards  care,   the  prevalence  of  asthma  and  other  allergic  diseases   is   still  
increasing.  The  major  challenge   in  asthma  research  in  recent  decades  has  been  to   identify  
specific   asthma-­‐‑related   genes,   and   also   to   understand   the   impact   of   environmental  
conditions   influencing   the   incidence   of   asthma.   Though   environmental   exposures  during  
early   postnatal   life   are   important  mediators   associated  with   the   development   of   asthma  
during   childhood,   the   significance  of  prenatal   environmental   factors   and  maternal  health  
and   lifestyle   cannot   be   underestimated,   since   prenatal   programming,   immunological  
changes  and   immune  development  have  been  suggested   to  originate  as  early  as   in  utero.  
Only  by  understanding  the  early  background  and  possible  risks  of  asthma,  could  we  better  
prevent  its  occurrence.    
Several   studies   have   shown   that   exposure   to   unfavorable   environments   during  
pregnancy  is  associated  with  a  significantly  increased  risk  of  later  diseases,  such  as  asthma  
in  offspring.  Partly,  these  environmental  changes  are  due  to  changes  in  maternal  health  and  
lifestyle,  as  well  as  socioeconomic  changes  in  society  increasing  maternal  health  problems  
and   complicating   pregnancy   and   motherhood.   The   aim   of   this   study   was   to   identify  
prenatal  maternal  risk  factors  of  asthma  in  offspring,  emphasizing  those  factors  that  could  
be  relevant   to  childhood   illnesses   in  Finnish  society.  This  study  gave  new  general   insight  
into   the   development   of   asthma   among   children,   improving   awareness   of   factors  
predisposing  the  fetus  to  asthma  as  early  as  in  utero.    
6.2 MAIN FINDINGS  
The   study  population   consisted   of   a   large   cohort   of   pregnant  women   in   a   single   tertiary  
university  hospital   in  Kuopio  district,  with   45  030  deliveries   in   twenty  years   (1989–2008).  
The   outcome,   asthma   among   offspring,   varied   from   6   to   6.7%   during   the   study   period,  
depending  on   exclusion   criteria.  The  mean  age  of   offspring  was   4.2   years   at   the  onset   of  
asthma  and  more  than  three  quarters  of  asthmatic  children  had  the  condition  by  the  age  of  
seven   years.   As   expected,   male   offspring   had   asthma   more   often   than   girls,   and   the  
prevalence  of  asthma  was  more  common  in  mothers  of  asthmatic  children.    
   The  main  finding  was  that  children  of  mothers  with  fertility  problems  before  pregnancy  
had  a  higher   risk  of  asthma.  Children  of  mothers  with  any  earlier   self-­‐‑reported   infertility  
problems   before   the   index   pregnancy   had   a   1.4-­‐‑fold   increased   risk   of   asthma   during  
childhood  compared  with  children  of  mothers  without  such  problems.  Further,  children  of  
mothers  with  any   infertility   treatment  before  ongoing  pregnancy  had  a  1.5-­‐‑fold   increased  
risk  of  asthma  during  their  childhood  and  children  born  after  ART-­‐‑associated  pregnancies  
(including  IVF  and  ICSI)  tended  to  have  an  increased  risk  of  asthma,  although  this  was  not  
of  statistical  significance.  Prolonged  time  to  pregnancy  (>  3  and  >  7  months)  as  well  as  two  
or  more  earlier  miscarriages,  but  not  induced  abortions,  increased  the  risk  of  asthma  among  
offspring.    
   As   expected,   prematurity   was   a   significant   risk   factor   as   regards   asthma   among  
offspring;  moderately  preterm  birth  increased  the  risk  of  asthma  almost  threefold  and  very  
preterm  birth  increased  it  over  sixfold  compared  with  children  born  at  or	  after  term  (≥  39+0  
GWs).  Children  born  late  preterm  still  had  an  almost  twofold  risk  of  asthma  compared  with  
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children  born  at  term  (39+0–40+6  GWs).  Surprisingly,  the  risk  of  asthma  remained  high  in  
those   children   born   early   term   and   the   burden   of   asthma   in   offspring   was   associated  
mainly  with  deliveries  at  those  weeks  of  gestation.  
   Another   important   finding   in   our   study   was   that   parental   smoking,   and   especially  
paternal  smoking  regardless  of  maternal  smoking,  had  a  great  impact  on  the  risk  of  asthma  
in   offspring.   The   interaction   between   maternal   and   paternal   smoking   status   during  
pregnancy  was  nonsignificant  (p  =  0.727).  
   In   families   where   both   parents   smoked,   the   risk   of   asthma   in   offspring   was   3.7-­‐‑fold  
higher  than  among  children  of  non-­‐‑smoking  parents.  Surprisingly,  the  risk  of  asthma  was  
higher  in  families  with  only  paternal  smoking  (2.9-­‐‑fold  increased  risk)  than  in  families  with  
only   a   smoking   mother   (1.7-­‐‑fold   increased   risk)   compared   with   non-­‐‑smoking   parents.  
Maternal  cessation  of  smoking  in  early  pregnancy  seemed  to  reduce  the  risk  of  asthma  in  
offspring,  and,  unexpectedly,  paternal  cessation  of  smoking  in  early  pregnancy  seemed  to  
have   a   greater   impact   on   reducing   the   risk   of   childhood   asthma   regardless   of   maternal  
smoking.    
   Despite  the  fact  that  most  of  the  measured  maternal  and  pregnancy-­‐‑related  factors  were  
associated   significantly  with  different   SES  groups,  maternal   socioeconomic   status  had  no  
considerable   direct   impact   on   the   prevalence   of   asthma   among   offspring   in   our   birth  
cohort.  Infertility  treatments  were  more  common  among  mothers  in  the  highest  SES  group  
(upper  white-­‐‑collar  workers)   and   these  women  were   also   older,  more   often  married   and  
had   a   lower   BMI   compared   with   women   in   other   SES   groups.   Further,   mothers   in   the  
highest   SES  group  delivered  more  often  at   term  by  elective  CS  and  had  a  greater   fear  of  
childbirth   compared   with   their   counterparts.   Previous   miscarriages,   but   not   induced  
abortions  were  more  prevalent  among  mothers   in  a   lower  SES  group   (“others”)  and   they  
were   also   younger   and   had  more   previous   deliveries   by   the   vaginal   route.   Surprisingly,  
they   also  had   a   shorter   time   to  pregnancy   compared  with  women   in  higher   SES  groups.	  
Preterm   deliveries   as   well   as   other   factors   affecting   the   risk   of   asthma,   such   as   being  
overweight,   smoking   and   being   unmarried   were   more   predominant   among   blue-­‐‑collar  
workers.   In   addition,   adverse   pregnancy   outcomes,   such   as   SGA   infants,   relatively   low  
Apgar  scores  and  delivery  by  CS  were  more  prevalent  in  these  women.  The  prevalence  of  
maternal  asthma  was  highest   in   lower  white-­‐‑collar  workers  and   these  mothers  also  more  
often  had  hypertension,  GDM  and  asthma  during  pregnancy.    
6.3 FINDINGS IN RELATION TO OTHER STUDIES  
All  deliveries  took  place  in  a  single  tertiary  hospital,  providing  nearly  full  information  with  
good  coverage  of  the  population  and  people  from  all  SES  groups.  The  prevalence  of  asthma  
(6–6.7%)  corresponded  well  to  the  expected  rate  in  Finland  (Pekkanen  et  al.  1997,  Haahtela  
et  al.  2013)  and  only  0.8%  of  the  followed  children  had  a  diagnosis  of  asthma  at  the  age  of  
two  or  less.  This  finding  shows  the  difficulty  in  diagnosing  asthma  in  this  age  group  and,  at  
best,  might  reflect  the  fact  that  diagnostic  criteria  between  early  wheezing  and  asthma  are  
frequently   provisional   (Pedersen   2007,   Brand   et   al.   2008).   The   amount   of   multiple  
pregnancies  in  our  study  was  3.8%,  being  higher  than  nationally  (2.7%)  (THL  10/2014)  but  
an  expected  finding  in  a  hospital  with  tertiary  care.  In  univariate  analysis,  the  prevalence  of  
childhood   asthma   among   those   born   after   multiple   pregnancies   was   higher   than   in  
singletons   in   our   analysis.   We   excluded   multiple   births   in   Studies   I   and   IV   to   control  
additive   and   confounding   factors   better,   since   multiple   births   are   commonly   associated  
with   IVF   (Umranikar   et   al.   2013),   risk   of   prematurity,   adverse   pregnancy   outcomes   and  
delivery  by  CS  (Norwitz  et  al.  2005,  McDonald  et  al.  2009,  Grady  et  al.  2012).  
          In   the   present   study,   the   prevalence   of   asthma  was   higher   among   children  who  were  
born   after   pregnancies   resulting   from   any   infertility   treatment,   including   ovulation  
induction.  Further,  children  of  mothers  with  a  prolonged  time  to  achieve  pregnancy  more  
often  had  asthma  compared  with  those  who  conceived  spontaneously  after  less  than  three  
months.  Similar   findings  were   reported   in   two  other  studies,  where  children  of   subfertile  
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parents  were  more  likely  to  have  asthma  in  early  childhood, but, in  contrast,  the  association  
was  mainly  related  in  these  earlier  studies  to  children  born  after ICSI (Carson  et  al.  2013) or  
IVF  (Carson  et  al.  2013,  Guibas  et  al.  2013).  In  our  study,  the  association  between  the  use  of  
ART (including  both   IVF  and   ICSI)  and  development  of  asthma  among  offspring  did  not  
reach statistical  significance, possibly because  of   the low  number  of  pregnancies  achieved
by  ART  in all  subfertile  parents.  
Both  parental  infertility/subfertility and  childhood  asthma are  likely  to  be associated with
similar   confounding   and   mediating   factors. Maternal   asthma   might   be   associated   with  
impaired  fertility  and  a  prolonged  time  to  achieve  pregnancy  (Juul  Gade  et  al.  2014),  but  it  
is  definitely  also  a   strong   risk   factor  of childhood  asthma   (Maslan,  Mims  2014). Maternal  
smoking   before   and   during   pregnancy   is   related   to   higher   risks of miscarriage   and  
subfertility (Camlin  et  al.  2014,  Delabaere  et  al.  2014),  and  smoking  is  also  associated  with  a  
higher  risk  of  development  of  childhood  asthma (Britt  et  al.  2013).  Multiple  pregnancies  are  
commonly   due   to   ART   and   are   strongly   related   to   a   greater   risk   of   adverse   pregnancy  
outcomes (Norwitz  et  al.  2005) and also  to  childhood  asthma, possibly  via  other  risk  factors.
Neither  maternal   subfertility  nor numbers  of   earlier  miscarriages among  older  women  
were significantly   associated   with   the   development   of   childhood   asthma   in   our   study.  
However,  maternal  advanced  age  is  known  to  be  a  strong  determinant  of miscarriages  and  
subfertility   (van  Noord-­‐‑Zaadstra   et   al.   1991). An   underlying   pathological  mechanism   for  
both  disorders and  the  risk  of  development  of  childhood  asthma  might  be  immunological  
imbalance  rather  than  maternal  age,  as  suggested in  a  previous  study  (Metsälä  et  al.  2008).
Further,   such   a   situation might   reflect   mechanisms   of   prenatal   programming   in   the  
development  of  childhood  asthma  and  thus  as  yet  cannot  be  explained  properly (Carson  et  
al.   2013,  Guibas   et   al.   2013,  Harju   et   al.   2013).   Further   research   is  needed   to   replicate   the  
present  findings  in  order  to understand  better  how  these  associations  are  mediated.      
In   two   recent   review   articles   an association   between   neonatal   morbidity   and   adverse  
perinatal  outcome  after  ART was  reported.  It  was concluded  that  factors  such  as  low  birth  
weight,  SGA  infants  and  preterm  birth  (Kalra,  Barnhart  2011,  Pinborg  et  al.  2013), as  well  as  
delivery  by  elective  CS (Salam  et  al.  2006),  care  in  a  NICU  (Algert  et  al.  2011),  lower  Apgar  
scores (Källen   et   al.   2013b) and   preeclampsia   (Catov   et   al.   2008) were more   prevalent   in  
connection  with  pregnancies  achieved by  way  of  infertility  treatment.  We  and  others  have  
shown the  similar  pre-­‐‑ and  early  postnatal  factors  are associated with  an increased  risk  of  
asthma   among   children (Subbarao   et   al.   2009,   Algert   et   al.   2011,   Harju   et   al.   2013).
Nevertheless,  Kallen  et  al.   (2013) showed in  multivariate  analysis that  despite   these  well-­‐‑
known   risk   factors,   the   main   factor   linking IVF   and   childhood   asthma   was   parental  
subfertility,  although  adjustment  for certain  confounding  factors  such  as maternal  asthma,  
lower   Apgar   scores   and   neonatal   morbidity   eliminated   or   reduced   the   risk   of   asthma  
(Källen   et   al.   2013b).   Hence the   etiology   of   childhood   asthma   is   complex   and   still  
unresolved.
Our  results  confirmed  the  association  between  preterm  birth  and  asthma  in  offspring  and  
especially   how the   magnitude   of   risk   depends on   gestational   age   at   birth.   We   further  
showed   that   late   preterm   or   early   term   birth   was   still   significantly   associated   with   an
increased  risk  of  childhood  asthma even  after  adjusting  for several  well-­‐‑known  risk  factors.
Factors such   as   maternal   smoking,   hypertension and   multiple   pregnancies, as   well   as
adverse  pregnancy  outcomes were  found  to  be more  prevalent  among  mothers  of asthmatic  
children in pooled   analysis (Zugna   et   al.   2015),   but  we  did   not   detect   any differences   in  
maternal   obesity   between   mothers   of   asthmatic   vs. non-­‐‑asthmatic   children.   Boyle   and  
associates reported   findings   similar   to   ours,   i.e.   that children   born   very   or   moderately  
preterm  had  a  nearly  fourfold  risk  of  asthma  and  the  risk  remained  almost  double  in  those  
born   late   preterm (Boyle   et   al.   2012).  A  parallel association  was reported   by  Goyal   et al.
(Goyal  et  al.  2011). However,  in  their  study, diagnosis  of  asthma  was  already  made  before
the  age  of 18  months and there was  no  later  follow-­‐‑up. We  showed  for  the  first   time  that  
late   term   or   post-­‐‑term birth   could   have   a  modest protective   effect   as   regards childhood
asthma,   although   the   association   was   not   statistically   significant. Such a   finding   is  
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children  born  at  term  (39+0–40+6  GWs).  Surprisingly,  the  risk  of  asthma  remained  high  in  
those   children   born   early   term   and   the   burden   of   asthma   in   offspring   was   associated  
mainly  with  deliveries  at  those  weeks  of  gestation.  
   Another   important   finding   in   our   study   was   that   parental   smoking,   and   especially  
paternal  smoking  regardless  of  maternal  smoking,  had  a  great  impact  on  the  risk  of  asthma  
in   offspring.   The   interaction   between   maternal   and   paternal   smoking   status   during  
pregnancy  was  nonsignificant  (p  =  0.727).  
   In   families   where   both   parents   smoked,   the   risk   of   asthma   in   offspring   was   3.7-­‐‑fold  
higher  than  among  children  of  non-­‐‑smoking  parents.  Surprisingly,  the  risk  of  asthma  was  
higher  in  families  with  only  paternal  smoking  (2.9-­‐‑fold  increased  risk)  than  in  families  with  
only   a   smoking   mother   (1.7-­‐‑fold   increased   risk)   compared   with   non-­‐‑smoking   parents.  
Maternal  cessation  of  smoking  in  early  pregnancy  seemed  to  reduce  the  risk  of  asthma  in  
offspring,  and,  unexpectedly,  paternal  cessation  of  smoking  in  early  pregnancy  seemed  to  
have   a   greater   impact   on   reducing   the   risk   of   childhood   asthma   regardless   of   maternal  
smoking.    
   Despite  the  fact  that  most  of  the  measured  maternal  and  pregnancy-­‐‑related  factors  were  
associated   significantly  with  different   SES  groups,  maternal   socioeconomic   status  had  no  
considerable   direct   impact   on   the   prevalence   of   asthma   among   offspring   in   our   birth  
cohort.  Infertility  treatments  were  more  common  among  mothers  in  the  highest  SES  group  
(upper  white-­‐‑collar  workers)   and   these  women  were   also   older,  more   often  married   and  
had   a   lower   BMI   compared   with   women   in   other   SES   groups.   Further,   mothers   in   the  
highest   SES  group  delivered  more  often  at   term  by  elective  CS  and  had  a  greater   fear  of  
childbirth   compared   with   their   counterparts.   Previous   miscarriages,   but   not   induced  
abortions  were  more  prevalent  among  mothers   in  a   lower  SES  group   (“others”)  and   they  
were   also   younger   and   had  more   previous   deliveries   by   the   vaginal   route.   Surprisingly,  
they   also  had   a   shorter   time   to  pregnancy   compared  with  women   in  higher   SES  groups.	  
Preterm   deliveries   as   well   as   other   factors   affecting   the   risk   of   asthma,   such   as   being  
overweight,   smoking   and   being   unmarried   were   more   predominant   among   blue-­‐‑collar  
workers.   In   addition,   adverse   pregnancy   outcomes,   such   as   SGA   infants,   relatively   low  
Apgar  scores  and  delivery  by  CS  were  more  prevalent  in  these  women.  The  prevalence  of  
maternal  asthma  was  highest   in   lower  white-­‐‑collar  workers  and   these  mothers  also  more  
often  had  hypertension,  GDM  and  asthma  during  pregnancy.    
  
6.3 FINDINGS IN RELATION TO OTHER STUDIES  
  
All  deliveries  took  place  in  a  single  tertiary  hospital,  providing  nearly  full  information  with  
good  coverage  of  the  population  and  people  from  all  SES  groups.  The  prevalence  of  asthma  
(6–6.7%)  corresponded  well  to  the  expected  rate  in  Finland  (Pekkanen  et  al.  1997,  Haahtela  
et  al.  2013)  and  only  0.8%  of  the  followed  children  had  a  diagnosis  of  asthma  at  the  age  of  
two  or  less.  This  finding  shows  the  difficulty  in  diagnosing  asthma  in  this  age  group  and,  at  
best,  might  reflect  the  fact  that  diagnostic  criteria  between  early  wheezing  and  asthma  are  
frequently   provisional   (Pedersen   2007,   Brand   et   al.   2008).   The   amount   of   multiple  
pregnancies  in  our  study  was  3.8%,  being  higher  than  nationally  (2.7%)  (THL  10/2014)  but  
an  expected  finding  in  a  hospital  with  tertiary  care.  In  univariate  analysis,  the  prevalence  of  
childhood   asthma   among   those   born   after   multiple   pregnancies   was   higher   than   in  
singletons   in   our   analysis.   We   excluded   multiple   births   in   Studies   I   and   IV   to   control  
additive   and   confounding   factors   better,   since   multiple   births   are   commonly   associated  
with   IVF   (Umranikar   et   al.   2013),   risk   of   prematurity,   adverse   pregnancy   outcomes   and  
delivery  by  CS  (Norwitz  et  al.  2005,  McDonald  et  al.  2009,  Grady  et  al.  2012).  
          In   the   present   study,   the   prevalence   of   asthma  was   higher   among   children  who  were  
born   after   pregnancies   resulting   from   any   infertility   treatment,   including   ovulation  
induction.  Further,  children  of  mothers  with  a  prolonged  time  to  achieve  pregnancy  more  
often  had  asthma  compared  with  those  who  conceived  spontaneously  after  less  than  three  
months.  Similar   findings  were   reported   in   two  other  studies,  where  children  of   subfertile  
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parents  were  more  likely  to  have  asthma  in  early  childhood,  but,  in  contrast,  the  association  
was  mainly  related  in  these  earlier  studies  to  children  born  after  ICSI  (Carson  et  al.  2013)  or  
IVF  (Carson  et  al.  2013,  Guibas  et  al.  2013).  In  our  study,  the  association  between  the  use  of  
ART  (including  both   IVF  and   ICSI)  and  development  of  asthma  among  offspring  did  not  
reach  statistical  significance,  possibly  because  of   the   low  number  of  pregnancies  achieved  
by  ART  in  all  subfertile  parents.  	  
        Both  parental  infertility/subfertility  and  childhood  asthma  are  likely  to  be  associated  with  
similar   confounding   and   mediating   factors.   Maternal   asthma   might   be   associated   with  
impaired  fertility  and  a  prolonged  time  to  achieve  pregnancy  (Juul  Gade  et  al.  2014),  but  it  
is  definitely  also  a   strong   risk   factor  of   childhood  asthma   (Maslan,  Mims  2014).  Maternal  
smoking   before   and   during   pregnancy   is   related   to   higher   risks   of   miscarriage   and  
subfertility  (Camlin  et  al.  2014,  Delabaere  et  al.  2014),  and  smoking  is  also  associated  with  a  
higher  risk  of  development  of  childhood  asthma  (Britt  et  al.  2013).  Multiple  pregnancies  are  
commonly   due   to   ART   and   are   strongly   related   to   a   greater   risk   of   adverse   pregnancy  
outcomes  (Norwitz  et  al.  2005)  and  also  to  childhood  asthma,  possibly  via  other  risk  factors.  	  
          Neither  maternal   subfertility  nor  numbers  of   earlier  miscarriages  among  older  women  
were   significantly   associated   with   the   development   of   childhood   asthma   in   our   study.  
However,  maternal  advanced  age  is  known  to  be  a  strong  determinant  of  miscarriages  and  
subfertility   (van  Noord-­‐‑Zaadstra   et   al.   1991).  An   underlying   pathological  mechanism   for  
both  disorders  and  the  risk  of  development  of  childhood  asthma  might  be  immunological  
imbalance  rather  than  maternal  age,  as  suggested  in  a  previous  study  (Metsälä  et  al.  2008).  
Further,   such   a   situation   might   reflect   mechanisms   of   prenatal   programming   in   the  
development  of  childhood  asthma  and  thus  as  yet  cannot  be  explained  properly  (Carson  et  
al.   2013,  Guibas   et   al.   2013,  Harju   et   al.   2013).   Further   research   is  needed   to   replicate   the  
present  findings  in  order  to  understand  better  how  these  associations  are  mediated.      	  
        In   two   recent   review   articles   an   association   between   neonatal   morbidity   and   adverse  
perinatal  outcome  after  ART  was  reported.  It  was  concluded  that  factors  such  as  low  birth  
weight,  SGA  infants  and  preterm  birth  (Kalra,  Barnhart  2011,  Pinborg  et  al.  2013),  as  well  as  
delivery  by  elective  CS  (Salam  et  al.  2006),  care  in  a  NICU  (Algert  et  al.  2011),  lower  Apgar  
scores   (Källen   et   al.   2013b)   and   preeclampsia   (Catov   et   al.   2008)  were  more   prevalent   in  
connection  with  pregnancies  achieved  by  way  of  infertility  treatment.  We  and  others  have  
shown  the  similar  pre-­‐‑  and  early  postnatal  factors  are  associated  with  an  increased  risk  of  
asthma   among   children   (Subbarao   et   al.   2009,   Algert   et   al.   2011,   Harju   et   al.   2013).  
Nevertheless,  Kallen  et  al.   (2013)   showed   in  multivariate  analysis   that  despite   these  well-­‐‑
known   risk   factors,   the   main   factor   linking   IVF   and   childhood   asthma   was   parental  
subfertility,  although  adjustment  for  certain  confounding  factors  such  as  maternal  asthma,  
lower   Apgar   scores   and   neonatal   morbidity   eliminated   or   reduced   the   risk   of   asthma  
(Källen   et   al.   2013b).   Hence   the   etiology   of   childhood   asthma   is   complex   and   still  
unresolved.  
        Our  results  confirmed  the  association  between  preterm  birth  and  asthma  in  offspring  and  
especially   how   the   magnitude   of   risk   depends   on   gestational   age   at   birth.   We   further  
showed   that   late   preterm   or   early   term   birth   was   still   significantly   associated   with   an  
increased  risk  of  childhood  asthma  even  after  adjusting  for  several  well-­‐‑known  risk  factors.  
Factors   such   as   maternal   smoking,   hypertension   and   multiple   pregnancies,   as   well   as  
adverse  pregnancy  outcomes  were  found  to  be  more  prevalent  among  mothers  of  asthmatic  
children   in   pooled   analysis   (Zugna   et   al.   2015),   but  we  did   not   detect   any  differences   in  
maternal   obesity   between   mothers   of   asthmatic   vs.   non-­‐‑asthmatic   children.   Boyle   and  
associates   reported   findings   similar   to   ours,   i.e.   that   children   born   very   or   moderately  
preterm  had  a  nearly  fourfold  risk  of  asthma  and  the  risk  remained  almost  double  in  those  
born   late   preterm   (Boyle   et   al.   2012).  A  parallel   association  was   reported   by  Goyal   et   al.  
(Goyal  et  al.  2011).  However,  in  their  study,  diagnosis  of  asthma  was  already  made  before  
the  age  of  18  months  and  there  was  no  later  follow-­‐‑up.  We  showed  for  the  first   time  that  
late   term   or   post-­‐‑term   birth   could   have   a  modest   protective   effect   as   regards   childhood  
asthma,   although   the   association   was   not   statistically   significant.   Such   a   finding   is  
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surprising,   since   operative   delivery,   maternal   obesity   and   induced   labor   are   more  
commonly  associated  with  late  and  post-­‐‑term  births  (Ehrenstein  et  al.  2007,  Mandruzzato  et  
al.   2010),   and   are   also   factors   that   might   be   related   to   an   increased   risk   of   asthma   in  
offspring  (Xu  et  al.  2001,  Annesi-­‐‑Maesano  et  al.  2001,  Bernsen  et  al.  2005,  Metsälä  et  al.  2008,  
Subbarao  et  al.  2009).  
        In   the   present   study   the   prevalence   of   premature   delivery  was   higher   (7.5%)   than   the  
national   rate   (THL  10/2014).  This  was   an   expected   finding,   since  our  hospital   serves   as   a  
tertiary  referral  center  and  numbers  of  some  adverse  outcomes,  such  as  premature  births,  
may  be  overrepresented.  As  reported  earlier  (Subbarao  et  al.  2009),  asthmatic  children  were  
born  more  frequently  to  asthmatic  mothers.  Interestingly,  maternal  asthma  was  found  to  be  
the  strongest  risk  factor  of  asthma  in  those  children  who  were  born  early  term  (37–38  GWs).  
Furthermore,  male  sex,  a  known  risk  factor  of  childhood  asthma  (Ober  et  al.  2008),  was  an  
even  more  significant  risk  factor  of  asthma  in  those  who  were  born  early  term  or  thereafter  
compared  with  those  born  preterm.  Delivery  by  CS  was  more  prevalent  among  asthmatic  
children.  In  line  with  this  finding,  Huang  and  associates  concluded  recently  in  their  meta-­‐‑
analysis   that   birth   by   CS   may   increase   the   risk   of   subsequent   asthma   by   up   to   20%  
compared  with  those  born  vaginally  (Huang  et  al.  2015).  
        Differences  in  maternal  SES  affecting  perinatal  outcomes  and  childhood  morbidity  might  
be  associated  with  residential,  occupational  and  lifestyle  factors.  Our  findings  were  in  line  
with   those   of   previously   published   studies,   since   factors   that  were   related   to   lower   SES  
were  parental  smoking  (Ruijsbroek  et  al.  2011,  Hafkamp-­‐‑de  Groen  et  al.  2012,  Ekblad  et  al.  
2013,   Räisänen   et   al.   2013d),   young   age   (Ruijsbroek   et   al.   2011)   and   single  motherhood.  
Furthermore,  some  obstetric  disparities  such  as  preterm  delivery  (Gissler  et  al.  2003,  Gissler  
et   al.   2009),   non-­‐‑planned  CS   (Räisänen   et   al.   2014a)   and   SGA   infants   (Gissler   et   al.   2009,  
Blumenshine   et   al.   2010,   Räisänen   et   al.   2013d)   were   more   prevalent   among   women   of  
lower   SES.  However,   no   convincing   evidence   of   a   direct   or   indirect   association   between  
maternal   SES   and   childhood   asthma   was   detected   in   our   study,   in   contrast   to   previous  
studies   after   adjustments   (Ruijsbroek   et   al.   2011,   Gong   et   al.   2014).   No   differences   were  
detected  between  maternal   SES  groups   as   regards   the  prevalence   of   asthma   in   offspring.  
Our  finding  strengthens  the  idea  that  development  of  asthma  might  be  much  more  diverse  
than   first   thought   and   cannot   be   explained   only   by   perinatal   factors   related   to   SES.   The  
possible  protective   effect   of   a   farming   environment  on   asthma  was   in   line  with  previous  
reports   (Midodzi  et  al.   2010,  Mantzouranis  et  al.   2014,  Ding  et  al.   2014),   since  children  of  
female   entrepreneurs,   being  mostly   farmers,   had   the   lowest   prevalence   of   asthma   in   our  
area.  
        Gissler   and   associates   reported   earlier   that   between   1990   and   2006   the   proportion   of  
mothers   of   lower   SES   decreased   and   that   of  mothers   of   higher   SES   increased   in   Finland  
(Gissler  et  al.  2009).  A  similar   trend  was  seen   in  our  study  population.  The  proportion  of  
mothers  of  lower  SES  decreased  by  15%  and  the  greatest  increase  was  seen  in  the  group  of  
“others”   or   missing   SES.   The   results   might   reflect   the   fact   that   the   Kuopio   region   is   a  
district  with  both  a  university  and  many  rural  areas,  with  students,  and  with  more  farmers  
than  in  the  rest  of  Finland.  Moreover,  the  increasing  proportion  of  mothers  belonging  to  the  
“missing”  group  might  be  associated  with  the  growing  proportion  of  mothers  with  a  more  
strict  privacy  policy  (Räisänen  et  al.  2013e).    
      Apart   from   the   fact   that   ETS   increases   both   the   prevalence   and   severity   of   childhood  
asthma,  it  also  has  an  adverse  effect  on  birth  weight,  it  increases  the  risk  of  sudden  infant  
death  and  has  an  impact  on  neurocognitive  decrement  and  behavioral  problems  (DiFranza  
et  al.  2004).  There  is  some  evidence  that  prenatal  exposure  might  have  a  greater  impact  on  
pediatric   asthma   than   postnatal   exposure   (Kumar   2008a).   However,   the   precise   effect   of  
pre-­‐‑  and  postnatal  exposure  to  ETS  on  childhood  asthma  and  other  adverse  outcomes  has  
been   difficult   to   identify,   since   it   is   likely   that   women   who   smoke   during   pregnancy  
continue   smoking   after   delivery   (Tong   et   al.   2009).   Furthermore,   ETS   itself   is   difficult   to  
measure,   since   smoking  outdoors   reduces   but  does  not   completely  protect   children   from  
ETS  exposure  at  home  (Johansson  et  al.  2004).  It  is  estimated  that  about  50%  of  women  who  
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quit   smoking   just  before  or  during  pregnancy  might  smoke  again  after  delivery  and   thus  
expose  their  offspring  to  ETS  (Tong  et  al.  2009,  Notley  et  al.  2015).    Exposure  to  ETS  during  
early   life   is   further   associated   with   maternal   low   SES,   unemployment   and   single  
parenthood   (Bolte   et   al.   2009,   Tong   et   al.   2009).   Our   results   are   similar,   since   smoking  
mothers   were   younger,   more   frequently   unmarried   and   from   lower   SES   groups,   factors  
similar   to   those  among  women  who   start   smoking  again  after  delivery   (Tong  et   al.   2009,  
Notley  et  al.  2015).      
        Parental  smoking  increased  the  risk  of  asthma  in  offspring  and  the  risk  was  cumulative  
in  nature  even  though  the  interaction  between  maternal  and  paternal  smoking  status  was  
nonsignificant   (p   =   0.727).   Interestingly,   paternal   smoking   during   the   prenatal   period  
represented  an  even  higher  risk  of  asthma  in  offspring  compared  with  maternal  smoking.  
Haberg  and  associates  concluded  in  their  study  that  maternal  pre-­‐‑  and  postnatal  smoking  
increased   the   risk   of   wheezing   in   offspring,   but   after   adjustment   for   maternal   smoking  
during   pregnancy,   the   effect   of   maternal   postnatal   smoking   weakened   substantially.  
Paternal   smoking  postnatally   increased   the  risk  of  adverse  respiratory  health   in  offspring  
but  not  as  regards  exposure  in  utero,  even  after  adjustment  for  maternal  smoking  (Håberg  
et   al.   2007).   Further,   in   a   recent   review   it  was   concluded   that  maternal   pre-­‐‑   or   postnatal  
exposure  to  ETS  was  associated  with  at  least  a  20%  increased  incidence  of  asthma  (Burke  et  
al.  2012).    
        Our   finding   was   in   line   with   that   in   a   previous   study   where   maternal   cessation   of  
smoking   prior   to   or   during   early   pregnancy   appeared   to   reduce   the   risk   of   asthma   in  
offspring   (Bickerstaff   et   al.   2012).   Surprisingly,   paternal   cessation   of   smoking   seemed   to  
decrease  the  risk  of  asthma  in  offspring  even  more  than  maternal  cessation  and  regardless  
of  maternal   smoking.  A  possible   reason   for   our   finding   of   a   decreased   risk   of   childhood  
asthma  after  paternal  cessation  might  be  decreased  exposure  to  second-­‐‑hand  smoke  during  
and  after  pregnancy,   as   suggested  previously   (Li   et   al.   2005,  Burke  et   al.   2012,  Britt   et   al.  
2013).   Further,   such   a   finding   might   also   be   due   to   the   “healthy   smoker”   effect,   where  
reduced   postnatal   ETS  might   affect   the   results,   since   the   true   effect   of   prenatal   paternal  
smoking  might  be  small  (Pattenden  et  al.  2006).    
          
6.4 VALIDITY AND LIMITATIONS 
 
The  present  study  has  a  number  of  strengths.  The  most   important  one  was   that  our  birth  
register   data   were   collected   from   a   single   university   hospital;   the   data   used   was  
prospective,  with  uniform  criteria  and  collection.  Furthermore,   the  personal   identity  code  
system  used   in  Finland  gave  us   the  opportunity   to   link  our  birth   register  database   to   the  
register   at   KELA,   the   Social   Insurance   Institution   of   Finland.   This   institution   gave   us  
reliable   data   on   pediatric   asthma,   as   evaluated   similarly   in   earlier   Finnish   studies  
concerning  childhood  asthma  (Metsälä  et  al.  2008,  Metsälä  et  al.  2014).  We  also  managed  to  
control   for  a  relatively   large  number  of  potential  confounding  factors  known  to  affect   the  
risk   of   asthma   among   offspring.   Some   recall   bias   cannot   be   avoided,   related   to  
questionnaire-­‐‑based   data   and   acquired   by   nurses   and   midwives,   but   it   rather  
underestimated  than  overestimated  the  exposure  factors,  such  as  maternal  smoking  during  
pregnancy   (Russell   et   al.   2004,   Spencer,   Cowans   2013).   Additionally,   the   validity   of   the  
outcome  measure  was  high.  To  be  eligible  for  special  reimbursement  for  asthma  medication  
the  diagnosis  was  mainly  set  by  a  pediatrician.  According  to  national  standards,  the  doctor  
needed  to  complete  a  special  application  form  confirming  that  the  child  fulfilled  the  strict  
diagnostic  KELA  criteria   of   asthma   (KELA  2014),   and   even   then  many  applications  were  
turned  down  by   the	  consultant  physician   in  KELA.  The  use  of   existing   register  data  was  
economical,  since  it  reduced  the  study  cost  and  time  spent  on  data  collection.    
        Information   on   SES   was   comprehensive,   since   it   was   missing   in   only   5.8%   of   cases.  
However,  information  on  SES  was  solely  based  on  maternal  occupation  at  the  time  of  birth  
and   information   on   household   income   and   paternal   socioeconomic   position   was  
unfortunately  not  available.  In  Finland,  income  is  known  to  correlate  with  occupation  and  
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surprising,   since   operative   delivery,   maternal   obesity   and   induced   labor   are   more  
commonly  associated  with  late  and  post-­‐‑term  births  (Ehrenstein  et  al.  2007,  Mandruzzato  et  
al.   2010),   and   are   also   factors   that   might   be   related   to   an   increased   risk   of   asthma   in  
offspring  (Xu  et  al.  2001,  Annesi-­‐‑Maesano  et  al.  2001,  Bernsen  et  al.  2005,  Metsälä  et  al.  2008,  
Subbarao  et  al.  2009).  
        In   the   present   study   the   prevalence   of   premature   delivery  was   higher   (7.5%)   than   the  
national   rate   (THL  10/2014).  This  was   an   expected   finding,   since  our  hospital   serves   as   a  
tertiary  referral  center  and  numbers  of  some  adverse  outcomes,  such  as  premature  births,  
may  be  overrepresented.  As  reported  earlier  (Subbarao  et  al.  2009),  asthmatic  children  were  
born  more  frequently  to  asthmatic  mothers.  Interestingly,  maternal  asthma  was  found  to  be  
the  strongest  risk  factor  of  asthma  in  those  children  who  were  born  early  term  (37–38  GWs).  
Furthermore,  male  sex,  a  known  risk  factor  of  childhood  asthma  (Ober  et  al.  2008),  was  an  
even  more  significant  risk  factor  of  asthma  in  those  who  were  born  early  term  or  thereafter  
compared  with  those  born  preterm.  Delivery  by  CS  was  more  prevalent  among  asthmatic  
children.  In  line  with  this  finding,  Huang  and  associates  concluded  recently  in  their  meta-­‐‑
analysis   that   birth   by   CS   may   increase   the   risk   of   subsequent   asthma   by   up   to   20%  
compared  with  those  born  vaginally  (Huang  et  al.  2015).  
        Differences  in  maternal  SES  affecting  perinatal  outcomes  and  childhood  morbidity  might  
be  associated  with  residential,  occupational  and  lifestyle  factors.  Our  findings  were  in  line  
with   those   of   previously   published   studies,   since   factors   that  were   related   to   lower   SES  
were  parental  smoking  (Ruijsbroek  et  al.  2011,  Hafkamp-­‐‑de  Groen  et  al.  2012,  Ekblad  et  al.  
2013,   Räisänen   et   al.   2013d),   young   age   (Ruijsbroek   et   al.   2011)   and   single  motherhood.  
Furthermore,  some  obstetric  disparities  such  as  preterm  delivery  (Gissler  et  al.  2003,  Gissler  
et   al.   2009),   non-­‐‑planned  CS   (Räisänen   et   al.   2014a)   and   SGA   infants   (Gissler   et   al.   2009,  
Blumenshine   et   al.   2010,   Räisänen   et   al.   2013d)   were   more   prevalent   among   women   of  
lower   SES.  However,   no   convincing   evidence   of   a   direct   or   indirect   association   between  
maternal   SES   and   childhood   asthma   was   detected   in   our   study,   in   contrast   to   previous  
studies   after   adjustments   (Ruijsbroek   et   al.   2011,   Gong   et   al.   2014).   No   differences   were  
detected  between  maternal   SES  groups   as   regards   the  prevalence   of   asthma   in   offspring.  
Our  finding  strengthens  the  idea  that  development  of  asthma  might  be  much  more  diverse  
than   first   thought   and   cannot   be   explained   only   by   perinatal   factors   related   to   SES.   The  
possible  protective   effect   of   a   farming   environment  on   asthma  was   in   line  with  previous  
reports   (Midodzi  et  al.   2010,  Mantzouranis  et  al.   2014,  Ding  et  al.   2014),   since  children  of  
female   entrepreneurs,   being  mostly   farmers,   had   the   lowest   prevalence   of   asthma   in   our  
area.  
        Gissler   and   associates   reported   earlier   that   between   1990   and   2006   the   proportion   of  
mothers   of   lower   SES   decreased   and   that   of  mothers   of   higher   SES   increased   in   Finland  
(Gissler  et  al.  2009).  A  similar   trend  was  seen   in  our  study  population.  The  proportion  of  
mothers  of  lower  SES  decreased  by  15%  and  the  greatest  increase  was  seen  in  the  group  of  
“others”   or   missing   SES.   The   results   might   reflect   the   fact   that   the   Kuopio   region   is   a  
district  with  both  a  university  and  many  rural  areas,  with  students,  and  with  more  farmers  
than  in  the  rest  of  Finland.  Moreover,  the  increasing  proportion  of  mothers  belonging  to  the  
“missing”  group  might  be  associated  with  the  growing  proportion  of  mothers  with  a  more  
strict  privacy  policy  (Räisänen  et  al.  2013e).    
      Apart   from   the   fact   that   ETS   increases   both   the   prevalence   and   severity   of   childhood  
asthma,  it  also  has  an  adverse  effect  on  birth  weight,  it  increases  the  risk  of  sudden  infant  
death  and  has  an  impact  on  neurocognitive  decrement  and  behavioral  problems  (DiFranza  
et  al.  2004).  There  is  some  evidence  that  prenatal  exposure  might  have  a  greater  impact  on  
pediatric   asthma   than   postnatal   exposure   (Kumar   2008a).   However,   the   precise   effect   of  
pre-­‐‑  and  postnatal  exposure  to  ETS  on  childhood  asthma  and  other  adverse  outcomes  has  
been   difficult   to   identify,   since   it   is   likely   that   women   who   smoke   during   pregnancy  
continue   smoking   after   delivery   (Tong   et   al.   2009).   Furthermore,   ETS   itself   is   difficult   to  
measure,   since   smoking  outdoors   reduces   but  does  not   completely  protect   children   from  
ETS  exposure  at  home  (Johansson  et  al.  2004).  It  is  estimated  that  about  50%  of  women  who  
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quit   smoking   just  before  or  during  pregnancy  might  smoke  again  after  delivery  and   thus  
expose  their  offspring  to  ETS  (Tong  et  al.  2009,  Notley  et  al.  2015).    Exposure  to  ETS  during  
early   life   is   further   associated   with   maternal   low   SES,   unemployment   and   single  
parenthood   (Bolte   et   al.   2009,   Tong   et   al.   2009).   Our   results   are   similar,   since   smoking  
mothers   were   younger,   more   frequently   unmarried   and   from   lower   SES   groups,   factors  
similar   to   those  among  women  who   start   smoking  again  after  delivery   (Tong  et   al.   2009,  
Notley  et  al.  2015).      
        Parental  smoking  increased  the  risk  of  asthma  in  offspring  and  the  risk  was  cumulative  
in  nature  even  though  the  interaction  between  maternal  and  paternal  smoking  status  was  
nonsignificant   (p   =   0.727).   Interestingly,   paternal   smoking   during   the   prenatal   period  
represented  an  even  higher  risk  of  asthma  in  offspring  compared  with  maternal  smoking.  
Haberg  and  associates  concluded  in  their  study  that  maternal  pre-­‐‑  and  postnatal  smoking  
increased   the   risk   of   wheezing   in   offspring,   but   after   adjustment   for   maternal   smoking  
during   pregnancy,   the   effect   of   maternal   postnatal   smoking   weakened   substantially.  
Paternal   smoking  postnatally   increased   the  risk  of  adverse  respiratory  health   in  offspring  
but  not  as  regards  exposure  in  utero,  even  after  adjustment  for  maternal  smoking  (Håberg  
et   al.   2007).   Further,   in   a   recent   review   it  was   concluded   that  maternal   pre-­‐‑   or   postnatal  
exposure  to  ETS  was  associated  with  at  least  a  20%  increased  incidence  of  asthma  (Burke  et  
al.  2012).    
        Our   finding   was   in   line   with   that   in   a   previous   study   where   maternal   cessation   of  
smoking   prior   to   or   during   early   pregnancy   appeared   to   reduce   the   risk   of   asthma   in  
offspring   (Bickerstaff   et   al.   2012).   Surprisingly,   paternal   cessation   of   smoking   seemed   to  
decrease  the  risk  of  asthma  in  offspring  even  more  than  maternal  cessation  and  regardless  
of  maternal   smoking.  A  possible   reason   for   our   finding   of   a   decreased   risk   of   childhood  
asthma  after  paternal  cessation  might  be  decreased  exposure  to  second-­‐‑hand  smoke  during  
and  after  pregnancy,   as   suggested  previously   (Li   et   al.   2005,  Burke  et   al.   2012,  Britt   et   al.  
2013).   Further,   such   a   finding   might   also   be   due   to   the   “healthy   smoker”   effect,   where  
reduced   postnatal   ETS  might   affect   the   results,   since   the   true   effect   of   prenatal   paternal  
smoking  might  be  small  (Pattenden  et  al.  2006).    
          
6.4 VALIDITY AND LIMITATIONS 
 
The  present  study  has  a  number  of  strengths.  The  most   important  one  was   that  our  birth  
register   data   were   collected   from   a   single   university   hospital;   the   data   used   was  
prospective,  with  uniform  criteria  and  collection.  Furthermore,   the  personal   identity  code  
system  used   in  Finland  gave  us   the  opportunity   to   link  our  birth   register  database   to   the  
register   at   KELA,   the   Social   Insurance   Institution   of   Finland.   This   institution   gave   us  
reliable   data   on   pediatric   asthma,   as   evaluated   similarly   in   earlier   Finnish   studies  
concerning  childhood  asthma  (Metsälä  et  al.  2008,  Metsälä  et  al.  2014).  We  also  managed  to  
control   for  a  relatively   large  number  of  potential  confounding  factors  known  to  affect   the  
risk   of   asthma   among   offspring.   Some   recall   bias   cannot   be   avoided,   related   to  
questionnaire-­‐‑based   data   and   acquired   by   nurses   and   midwives,   but   it   rather  
underestimated  than  overestimated  the  exposure  factors,  such  as  maternal  smoking  during  
pregnancy   (Russell   et   al.   2004,   Spencer,   Cowans   2013).   Additionally,   the   validity   of   the  
outcome  measure  was  high.  To  be  eligible  for  special  reimbursement  for  asthma  medication  
the  diagnosis  was  mainly  set  by  a  pediatrician.  According  to  national  standards,  the  doctor  
needed  to  complete  a  special  application  form  confirming  that  the  child  fulfilled  the  strict  
diagnostic  KELA  criteria   of   asthma   (KELA  2014),   and   even   then  many  applications  were  
turned  down  by   the	  consultant  physician   in  KELA.  The  use  of   existing   register  data  was  
economical,  since  it  reduced  the  study  cost  and  time  spent  on  data  collection.    
        Information   on   SES   was   comprehensive,   since   it   was   missing   in   only   5.8%   of   cases.  
However,  information  on  SES  was  solely  based  on  maternal  occupation  at  the  time  of  birth  
and   information   on   household   income   and   paternal   socioeconomic   position   was  
unfortunately  not  available.  In  Finland,  income  is  known  to  correlate  with  occupation  and  
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therefore   maternal   SES   is   a   sufficient   indicator   for   studies   on   SES   disparities   and   is   an  
appropriate   indicator   for   studies   on   socioeconomic   health   differences   in   the   perinatal  
period  (Gissler  et  al.  2003,  Blumenshine  et  al.  2010,  Mortensen  et  al.  2010).    
Both  logistic  and  survival  analyses  are  widely  used  in  longitudinal  epidemiologic  studies  
for  analyzing  the  relationships  between  several  risk  factors  and  time-­‐‑related  dichotomous  
events  (Barros,  Hirakata  2003).  Both  methods  are  used  to  analyze  the  relationship  between  
time-­‐‑dependent   events   and   influencing   variables.   The   logistic   model   describes   event  
probability  in  a  distinct  observation  time  window  and  the  Cox  model  instantaneous  event  
probability   at   a   given   time   point   as   regards   both   dependent   and   explanatory   variables  
(Langner  et  al.  2003).  We  chose  logistic  regression  analyses  to  investigate  the  multivariate-­‐‑
adjusted  risk  of  asthma  among  offspring.  Children’s  follow-­‐‑up  times  represented  a  variable  
that  might   have   brought   some   bias   to   the   results.   Children  who   developed   asthma   at   a  
younger   age   had   greater   weight   in   analysis.   To   investigate   possible   differences   brought  
about  by  statistical  methods,  we  evaluated  the  data  of  Studies  II  and  IV  by  Cox  regression  
analysis.  Such  a  procedure  was  carried  out  to  add  to  the  reliability  of  the  results  of  logistic  
regression   analysis.   The   results   of   statistical   analyses   using   both   methods   are   shown   in  
Table  8.  
We   categorized   very   and  moderately   preterm  births   differently   from   categorization   in  
previously  published  studies,  but  classification  was   the  same  as  regards   late  preterm  and  
early   term   births   (Boyle   et   al.   2012),   making   comparison   of   different   studies   possible   in  
these   subgroups.   However,   Chabra   recommended   using   terminology   defined   by   the  
National   Institute  of  Child  Health  and  Human  Development  of   the  National   Institutes  of  
Health   and   also   recommendations   made   by   the   ACOG   Committee   concerning   the  
definition  of  term  pregnancy  (Chabra  2014).      
Information  on  parental  smoking  was  collected  by  using  the  same  classification  system  
during  the  whole  study  period  and  changes   in  smoking  behavior  during  pregnancy  were  
assessed  at  antenatal  visits.  Such  a  procedure  was  likely  to  be  more  reliable  than  assessment  
at   the   time   of   delivery.   Unfortunately  we   had   no   precise   information   on   the   amount   of  
cigarettes  smoked  per  day  and  therefore  were  not  able  to  examine  a  possible  dose–response  
aspect  of   the   risk  of   childhood  asthma.  This  would  have  been   interesting,   since  maternal  
smoking  has  been  shown  to  be  a  dose-­‐‑dependent  risk  factor  as  regards  the  development  of  
asthma  (Lindley  et  al.  2000,  Erickson,  Arbour  2012).  Further,  there  is  not  a  precise  definition  
of  smoking  and  smoking  cessation  during  pregnancy  in  epidemiological  studies.  In  at  least  
two   previous   studies   the   definition   of   smoking   has   been   at   least   one   cigarette   per   day  
(Santos   et   al.   2008,   Dias-­‐‑Dame,   Cesar   2015).   Therefore,   our   classification   might   have  
resulted   in   underestimation   of   the   actual   number   of   smokers.   Further,   self-­‐‑reported  
smoking   is   considered   to  be  a  valid  way   to   study   tobacco  exposure  during  pregnancy   in  
observational   studies   in   comparison   with   assessment   of   biomarkers   such   as   cotinine  
(Pickett   et   al.   2005).   However,   it   can   be   argued   that   self-­‐‑reporting   may   lead   to  
underestimation  of   the  prevalence  of   smoking   (Russell   et  al.   2004),   even   though  our  data  
was  based  on  both  antenatal  self-­‐‑reporting  and  maternity  case  notes.    
Limitations   of   the   current   studies   should   be   acknowledged.   We   did   not   have   an  
opportunity   to   consider   maternal   stress,   anxiety   and   perinatal   infections   as   additional  
confounders  as  regards  asthma  among  offspring.  Furthermore,  we  only  knew  the  incidence  
of  medically  treated  asthma,  not  its  severity,  on  the  basis  of  the  present  register-­‐‑based  data.  
Causes   behind   subfertility   were   missing,   since   underlying   mechanisms   might   differ  
between   men   and   women   and   thus   affect   the   mechanism   of   prenatal   programming  
differently.  A  possible   limitation  of  our   study  was   that  gestational   age  was  not   routinely  
estimated  by  ultrasonography,  especially  in  the  first  trimester  during  the  first  years  of  the  
study,  which  may  have  biased  the  results  (Neilson  2000).  Information  on  induced  labor  and  
underlying  reasons  for  CS  would  have  given  us  some  additive  insight  as  regards  delivery  
options.   In   addition,   we   lacked   information   on   maternal   SES   in   Studies   I–III   and   this  
therefore  might  have  led  to  some  bias  in  the  results  of  those  studies.    
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We  were  not  able  to  control  for  additional  environmental  confounders  after  birth  such  as  
daycare   attendance,  ETS,  pollution   and  neonatal   respiratory  morbidity,   especially   among  
those   born   preterm,   these all being   potential risk factors   as   regards   the development   of
asthma  among  offspring.  Lack  of   information  on  different  racial  and  ethnic  groups  was  a  
limitation   in   our   study, since   ethnic/racial   disparities   in  different   countries   are   known   to  
influence  both  SES  and  asthma  (Subbarao  et  al.  2009,  Blumenshine  et  al.  2010). Black  and  
Hispanic   mothers   are   known   to   have   increased   risks of   both   preterm   birth   and   asthma  
among  offspring  (Ober  et  al.  2008).  However,  in  2009,  the  ethnic  minority  constituted  only  
4%  of   the  Finnish  population (Malin,  Gissler   2009) and   therefore we   think   that   this   issue
had  only  a  minor  effect  on the  results. Further,  in  the  late  1990s,  the  numbers of  pregnant  
women  from  ethnic  minorities  might  have  been  even  lower, thus  representing  a  very  minor  
group  in  our  study.
Unfortunately   we   did   not   have   information   on breastfeeding   or daycare   attendance,
which  are  both  associated  with a reduced risk  of  asthma (Midodzi et  al.  2010,  Ding  et  al.  
2014). Information  on  these factors might  have been  particularly important  among  mothers  
from  lower SES groups,  since  they  are  known  to  be  less  likely  to  breastfeed  their  children  or  
take them   to  daycare   facilities   at   an   early   stage   (Subbarao   et   al.   2009,  Algert   et   al.   2011,  
Ruijsbroek  et  al.  2011).  
6.5 CLINICAL SIGNIFICANCE OF THE RESULTS
Female   fecundity   is   commonly acknowledged   to   decrease   with   increasing   age and   the  
probability  of  conception falls rapidly  after  the  age  of  30, with  logarithmic  increases in  rates  
of  spontaneous  abortions  and  advanced  time  to  pregnancy (van Noord-­‐‑Zaadstra  et  al.  1991,  
Sauer  2015). A  similar  trend  was  seen in  our  study,  since  all  measured  subfertility variables,  
such   as   the number   of   miscarriages and   longer   time   to   pregnancy were  most   prevalent  
among  older  women.  However,  the  increased  risk  of  childhood  asthma  was  not  mediated  
by  maternal  age among  subfertile  women – the  association  between  subfertility  and  asthma
was detected  among  children  of  mothers  aged  26–35.  Furthermore,  previous miscarriages
were  particularly  associated  with an   increased  risk  of  asthma among  children  of  younger  
women. These findings gave  new  and   important   insight   into   the   importance  of  maternal  
fecundity factors  on  the future respiratory  health of  offspring.
Our  findings  also  emphasized the  importance of  early  term  deliveries as  regards  asthma,  
since  early  term birth  was  significantly  associated  with  a higher risk  of  asthma  compared  
with  birth at   term. In  addition,  maternal   asthma  and  mode  of  delivery  had  a   cumulative  
effect  on  the  risk  of  asthma  among children  born before  term. According  to  our  results,  it  is  
advisable   to   avoid   iatrogenic   early   term   deliveries,   without   well-­‐‑defined   indications,
especially  in  asthmatic  mothers. Women should  try  to continue  their  pregnancies as  near  to  
term  as  possible,  since  it  has  been suggested  that  correct timing  of  delivery  near  term  is  an  
essential   factor   in  prevention  of  asthma  and  other  diseases among  offspring (Cheng  et  al.  
2008,  Darney  et  al.  2013). Moreover, avoidance  of early  term  deliveries  has  been shown  to
result   in   a   decrease in   other   unintended   neonatal   consequences,   such   as increased  
morbidity in   infants, admission   to an   intensive   care   unit,   and  neonatal   deaths   compared  
with  those  children  who  are  delivered  at  ≥ 39  weeks'ʹ  gestation (Clark  et  al.  2012). Birth  by  
the  vaginal route is suggested   to  be a  better  mode  of   birth, especially   for the   children  of  
asthmatic   mothers. In   our study, we   were   unfortunately   not   able   to   define   better   the
backgrounds  of   late  preterm  and   early   term  deliveries. Regardless   of   this,  we   emphasize
that   elective   and   scheduled   induction   of   labor   before   term   without a   valid   medical  
indication should   be   avoided. In   clinical   obstetric   practice we   should   also   take   into  
consideration   the   later   risk   effects   on   the fetus. This   should be   especially   remembered   in  
cases  of  a maternal  request  for  early  labor  induction  for maternal  convenience  or  because  of  
psychosocial  discomfort  during  the  ongoing  pregnancy.
Children  with   smoking  parents   had   a   considerably  higher   risk   of   asthma   and   the   risk  
was   cumulative when   both   parents   smoked. Additionally,   paternal   smoking   during  
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therefore   maternal   SES   is   a   sufficient   indicator   for   studies   on   SES   disparities   and   is   an  
appropriate   indicator   for   studies   on   socioeconomic   health   differences   in   the   perinatal  
period  (Gissler  et  al.  2003,  Blumenshine  et  al.  2010,  Mortensen  et  al.  2010).    
Both  logistic  and  survival  analyses  are  widely  used  in  longitudinal  epidemiologic  studies  
for  analyzing  the  relationships  between  several  risk  factors  and  time-­‐‑related  dichotomous  
events  (Barros,  Hirakata  2003).  Both  methods  are  used  to  analyze  the  relationship  between  
time-­‐‑dependent   events   and   influencing   variables.   The   logistic   model   describes   event  
probability  in  a  distinct  observation  time  window  and  the  Cox  model  instantaneous  event  
probability   at   a   given   time   point   as   regards   both   dependent   and   explanatory   variables    
(Langner  et  al.  2003).  We  chose  logistic  regression  analyses  to  investigate  the  multivariate-­‐‑
adjusted  risk  of  asthma  among  offspring.  Children’s  follow-­‐‑up  times  represented  a  variable  
that  might   have   brought   some   bias   to   the   results.   Children  who   developed   asthma   at   a  
younger   age   had   greater   weight   in   analysis.   To   investigate   possible   differences   brought  
about  by  statistical  methods,  we  evaluated  the  data  of  Studies  II  and  IV  by  Cox  regression  
analysis.  Such  a  procedure  was  carried  out  to  add  to  the  reliability  of  the  results  of  logistic  
regression   analysis.   The   results   of   statistical   analyses   using   both   methods   are   shown   in  
Table  8.  
We   categorized   very   and  moderately   preterm  births   differently   from   categorization   in  
previously  published  studies,  but  classification  was   the  same  as  regards   late  preterm  and  
early   term   births   (Boyle   et   al.   2012),   making   comparison   of   different   studies   possible   in  
these   subgroups.   However,   Chabra   recommended   using   terminology   defined   by   the  
National   Institute  of  Child  Health  and  Human  Development  of   the  National   Institutes  of  
Health   and   also   recommendations   made   by   the   ACOG   Committee   concerning   the  
definition  of  term  pregnancy  (Chabra  2014).      
Information  on  parental  smoking  was  collected  by  using  the  same  classification  system  
during  the  whole  study  period  and  changes   in  smoking  behavior  during  pregnancy  were  
assessed  at  antenatal  visits.  Such  a  procedure  was  likely  to  be  more  reliable  than  assessment  
at   the   time   of   delivery.   Unfortunately  we   had   no   precise   information   on   the   amount   of  
cigarettes  smoked  per  day  and  therefore  were  not  able  to  examine  a  possible  dose–response  
aspect  of   the   risk  of   childhood  asthma.  This  would  have  been   interesting,   since  maternal  
smoking  has  been  shown  to  be  a  dose-­‐‑dependent  risk  factor  as  regards  the  development  of  
asthma  (Lindley  et  al.  2000,  Erickson,  Arbour  2012).  Further,  there  is  not  a  precise  definition  
of  smoking  and  smoking  cessation  during  pregnancy  in  epidemiological  studies.  In  at  least  
two   previous   studies   the   definition   of   smoking   has   been   at   least   one   cigarette   per   day  
(Santos   et   al.   2008,   Dias-­‐‑Dame,   Cesar   2015).   Therefore,   our   classification   might   have  
resulted   in   underestimation   of   the   actual   number   of   smokers.   Further,   self-­‐‑reported  
smoking   is   considered   to  be  a  valid  way   to   study   tobacco  exposure  during  pregnancy   in  
observational   studies   in   comparison   with   assessment   of   biomarkers   such   as   cotinine  
(Pickett   et   al.   2005).   However,   it   can   be   argued   that   self-­‐‑reporting   may   lead   to  
underestimation  of   the  prevalence  of   smoking   (Russell   et  al.   2004),   even   though  our  data  
was  based  on  both  antenatal  self-­‐‑reporting  and  maternity  case  notes.    
Limitations   of   the   current   studies   should   be   acknowledged.   We   did   not   have   an  
opportunity   to   consider   maternal   stress,   anxiety   and   perinatal   infections   as   additional  
confounders  as  regards  asthma  among  offspring.  Furthermore,  we  only  knew  the  incidence  
of  medically  treated  asthma,  not  its  severity,  on  the  basis  of  the  present  register-­‐‑based  data.  
Causes   behind   subfertility   were   missing,   since   underlying   mechanisms   might   differ  
between   men   and   women   and   thus   affect   the   mechanism   of   prenatal   programming    
differently.  A  possible   limitation  of  our   study  was   that  gestational   age  was  not   routinely  
estimated  by  ultrasonography,  especially  in  the  first  trimester  during  the  first  years  of  the  
study,  which  may  have  biased  the  results  (Neilson  2000).  Information  on  induced  labor  and  
underlying  reasons  for  CS  would  have  given  us  some  additive  insight  as  regards  delivery  
options.   In   addition,   we   lacked   information   on   maternal   SES   in   Studies   I–III   and   this  
therefore  might  have  led  to  some  bias  in  the  results  of  those  studies.    
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We  were  not  able  to  control  for  additional  environmental  confounders  after  birth  such  as  
daycare   attendance,  ETS,  pollution   and  neonatal   respiratory  morbidity,   especially   among  
those   born   preterm,   these   all   being   potential   risk   factors   as   regards   the   development   of  
asthma  among  offspring.  Lack  of   information  on  different  racial  and  ethnic  groups  was  a  
limitation   in   our   study,   since   ethnic/racial   disparities   in  different   countries   are   known   to  
influence  both  SES  and  asthma  (Subbarao  et  al.  2009,  Blumenshine  et  al.  2010).  Black  and  
Hispanic   mothers   are   known   to   have   increased   risks   of   both   preterm   birth   and   asthma  
among  offspring  (Ober  et  al.  2008).  However,  in  2009,  the  ethnic  minority  constituted  only  
4%  of   the  Finnish  population   (Malin,  Gissler   2009)   and   therefore  we   think   that   this   issue  
had  only  a  minor  effect  on  the  results.	  Further,  in  the  late  1990s,  the  numbers  of  pregnant  
women  from  ethnic  minorities  might  have  been  even  lower,  thus  representing  a  very  minor  
group  in  our  study.    
Unfortunately   we   did   not   have   information   on   breastfeeding   or   daycare   attendance,  
which  are  both  associated  with  a   reduced  risk  of  asthma  (Midodzi  et  al.  2010,  Ding  et  al.  
2014).  Information  on  these  factors  might  have  been  particularly  important  among  mothers  
from  lower  SES  groups,  since  they  are  known  to  be  less  likely  to  breastfeed  their  children  or  
take   them   to  daycare   facilities   at   an   early   stage      (Subbarao   et   al.   2009,  Algert   et   al.   2011,  
Ruijsbroek  et  al.  2011).    
6.5 CLINICAL SIGNIFICANCE OF THE RESULTS 
Female   fecundity   is   commonly   acknowledged   to   decrease   with   increasing   age   and   the  
probability  of  conception  falls  rapidly  after  the  age  of  30,  with  logarithmic  increases  in  rates  
of  spontaneous  abortions  and  advanced  time  to  pregnancy  (van  Noord-­‐‑Zaadstra  et  al.  1991,  
Sauer  2015).  A  similar  trend  was  seen  in  our  study,  since  all  measured  subfertility  variables,  
such   as   the   number   of   miscarriages   and   longer   time   to   pregnancy   were  most   prevalent  
among  older  women.  However,  the  increased  risk  of  childhood  asthma  was  not  mediated  
by  maternal  age  among  subfertile  women  –  the  association  between  subfertility  and  asthma  
was  detected  among  children  of  mothers  aged  26–35.  Furthermore,  previous  miscarriages  
were  particularly  associated  with  an   increased  risk  of  asthma  among  children  of  younger  
women.  These   findings  gave  new  and   important   insight   into   the   importance  of  maternal  
fecundity  factors  on  the  future  respiratory  health  of  offspring.    
Our  findings  also  emphasized  the  importance  of  early  term  deliveries  as  regards  asthma,  
since  early  term  birth  was  significantly  associated  with  a  higher  risk  of  asthma  compared  
with  birth  at   term.   In  addition,  maternal   asthma  and  mode  of  delivery  had  a   cumulative  
effect  on  the  risk  of  asthma  among  children  born  before  term.  According  to  our  results,  it  is  
advisable   to   avoid   iatrogenic   early   term   deliveries,   without   well-­‐‑defined   indications,  
especially  in  asthmatic  mothers.  Women  should  try  to  continue  their  pregnancies  as  near  to  
term  as  possible,  since  it  has  been  suggested  that  correct  timing  of  delivery  near  term  is  an  
essential   factor   in  prevention  of  asthma  and  other  diseases  among  offspring  (Cheng  et  al.  
2008,  Darney  et  al.  2013).  Moreover,  avoidance  of  early  term  deliveries  has  been  shown  to  
result   in   a   decrease   in   other   unintended   neonatal   consequences,   such   as   increased  
morbidity   in   infants,   admission   to   an   intensive   care   unit,   and  neonatal   deaths   compared  
with  those  children  who  are  delivered  at  ≥  39  weeks'ʹ  gestation  (Clark  et  al.  2012).  Birth  by  
the  vaginal   route   is   suggested   to  be   a  better  mode  of   birth,   especially   for   the   children  of  
asthmatic   mothers.   In   our   study,   we   were   unfortunately   not   able   to   define   better   the  
backgrounds  of   late  preterm  and   early   term  deliveries.  Regardless   of   this,  we   emphasize  
that   elective   and   scheduled   induction   of   labor   before   term   without   a   valid   medical  
indication   should   be   avoided.   In   clinical   obstetric   practice   we   should   also   take   into  
consideration   the   later   risk   effects   on   the   fetus.  This   should  be   especially   remembered   in  
cases  of  a  maternal  request  for  early  labor  induction  for  maternal  convenience  or  because  of  
psychosocial  discomfort  during  the  ongoing  pregnancy.      
Children  with   smoking  parents   had   a   considerably  higher   risk   of   asthma   and   the   risk  
was   cumulative   when   both   parents   smoked.   Additionally,   paternal   smoking   during  
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pregnancy  was  shown   to  be  at   least  as  harmful  as  maternal   smoking  during   the  prenatal  
period.  Besides  the  fact  that  cessation  of  smoking  decreases  the  risk  of  low-­‐‑birth-­‐‑weight  and  
SGA   infants   (Bickerstaff  et  al.   2012,  Flower  et  al.   2013),  our   study  showed  how  beneficial  
quitting   smoking   might   be   to   the   child’s   future   respiratory   heath.   The   risk   of   asthma  
seemed   to   diminish   by   almost   50%  when   both   parents   quit   smoking.      Furthermore,   the  
harmful  effect  of  maternal  smoking  was  also  seen  in  Study  II,  where  maternal  smoking  was  
as  equal  a  risk  factor  of  the  development  of  asthma  as  the  mode  of  delivery.  Our  findings  
should  encourage  healthcare  professionals   to   support  and  guide  not  only   the  mother  but  
both   parents   as   regards   smoking   cessation   during   early   pregnancy   and   to   inform   both  
parents  about  the  harmful  effect  of  smoking  on  their  offspring’s  health  to  reduce  the  risk  of  
childhood   asthma   and   other   adverse   outcomes.   Furthermore,   by   also   giving   information  
and   guidance   to   fathers,   they   might   better   take   part   in   the   forthcoming   birth   and   take  
responsibility  for  the  future  health  of  their  offspring.  
The  prevalence  of   childhood  asthma  was  nearly  equally   frequent   in  different  maternal  
socioeconomic  groups,  thus  reflecting  the  fact  that  Finnish  public  health  policy  still  seems  
to   offer   equal   quality   services   to   citizens   independently   of   family   income   (Metsälä   et   al.  
2014).  We  did  not  manage   to   show   that   evident   differences   in  well-­‐‑known  maternal   risk  
factors   of   children´s   asthma   between   different   SES   classes   were   related   to   the   later  
development  of  asthma  among  offspring.  The  nature  of  adverse  forms  of  prenatal  exposure  
in  different  SES  groups  was  similar  to  that  reported  earlier  globally.  These  adverse  factors  
in   lower  SES  groups  might  partly  be  a  result  of  differences   in  health  behavior  and  use  of  
healthcare  services  during  pregnancy.    
Our  study  showed  indirectly  that  Finnish  health  services  are  among  the  best  in  Europe,  
in  accordance  with  a  report  by  Gissler  and  associates  (Gissler  et  al.  2009),  but  there  is  still  
something   to   improve.  The   study  gave  new   insight   into   the   importance  of  maternal  pre-­‐‑
conceptional  health,  maternal  lifestyle  during  pregnancy,  and  delivery  options  with  regard  
to  long-­‐‑term  development  of  asthma  in  offspring.  A  healthy  intrauterine  life  is  fraught  with  
several  obstacles  and  many  of  these  factors  might  be  avoided  by  counseling  parents  and  by  
identifying   perinatal   risks   in   decisions   concerning   maternal   care   and   delivery   options.  
Furthermore,  public  education  is  important  and  the  information  needs  to  be  understood  in  
order   to   avoid   long-­‐‑term   consequences   of   adverse   perinatal   and   environmental   factors  
affecting  the  morbidity  of  children.  
6.6 GENERALIZABILITY OF THE RESULTS 
The  results  of  the  study  were  in  line  with  previous  results  from  a  population  with  a  similar  
genetic  and  environmental  background  (Gissler  et  al.  2003,  Håberg  et  al.  2007,  Källen  et  al.  
2013b,  Källen  et   al.   2013c).  Thus   they  might  also  be  generalized   to   countries  with   similar  
clinical  practices   in  public  health,	  pregnancy  and  delivery   services,   such  as   free   access   to  
antenatal  and  obstetric  services  and  services  covering  almost  all  citizens.          
        Similar   increasing   trends   in   both   pediatric   asthma   and   perinatal   risk   factors   and  
outcomes   have   been   demonstrated   worldwide.   In   international   studies   it   has   been  
suspected  that  ethnic  and  racial  minorities  might  modify  national  results  (Price  et  al.  2013,  
Willis   et   al.   2014);   in  Finland   the   influence  of   such  disparities  has  only   little   significance.  
The  great  majority  of  mothers  were  Caucasian  and  thus  had  a  similar  genetic  background.  
The   standard   of   living   in   Finland   is   high   and   social   inequalities   in   perinatal   health  
outcomes  vary  according  to  the  health  indicator  (Gissler  et  al.  2009).  Social  factors  might  be  
important  when  comparing  results  with  those  in  countries  with  a  lower  standard  of  living  
and   healthcare   policies   with   a   very   prominent   private   sector   and   insurance   coverage.  
Furthermore,  with   the  general  universal   tendency   towards   increasing  maternal  age  at   the  
time   of   pregnancy   and   delivery,   pregnancy   and   obstetric   complications   will   be   more  
prevalent  both  in  Finland  and  in  other  countries  worldwide  (Sauer  2015).    
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6.7 SUGGESTIONS FOR PREVENTIVE MEASURES AND FUTURE 
RESEARCH
These   results  are relevant  and  of  great   interest   as   regards promoting the  health  of   future  
generations. They  give new  insight  into  the  importance  of  maternal  health  and  lifestyles  as  
well  as delivery  options  as  regards children’s future  respiratory  health.  Therefore, maternal  
forms  of  health  behavior need  to  be  assessed  in  maternity  care.  Social  situations  and  health  
matters before  and  during  pregnancy  affect the  future  health of  offspring  in  future and  can  
increase   the   burden   of   asthma   and   other   diseases.   Parents and   families  with   social   and  
environmental   risk   factors  may   benefit   from   social   support   and   information   on   possible  
risk  factors  concerning the  health  of  offspring during  childhood. Support  and  advocation of  
smoking   cessation   among  women   and   their   partners   is easy,   cheap and   useful.   Further,  
educational   work regarding   a healthy   lifestyle should   be   carried   out   among parents  
attempting  or  planning  pregnancy.  After  birth,  social  and  emotional  support   is  needed  to
avoid  adverse  health  attitudes and  possible  re-­‐‑uptake of  smoking and  other  forms  of  risky
behavior. Further  research  is  needed  to  replicate  all  our results, with  more  accurate  control  
of   pre-­‐‑ and   postnatal   confounding   factors in   order   to   validate   the   observed   risks   and  
understand  better  how  these  associations  are  mediated.
Our retrospective   register-­‐‑based   study   was   designed   to   assess and   present maternal  
health  and  perinatal  risk  factors  connected  to the  prevalence of  asthma  in offspring between  
1989   and   2008   in   Finland.   The   register   data   contained comprehensive   information   on  
perinatal   factors,   but   there   was a   lack   of   information   on   postnatal   and   early   childhood  
factors   affecting   the   prevalence   of   asthma.   In   future, studies   are   also   needed   to   examine
early-­‐‑life  factors  influencing  the  incidence  of  asthma among  asthmatic  children  with known  
perinatal   factors.   In   addition,   further   research   is   needed   to observe   the   influence of   both  
prenatal   and  postnatal factors   together.  Therefore, in   the   future, our  aim is to   investigate  
associations between   postnatal   factors and   childhood   asthma   by   using   structured
questionnaires  designed to  follow up  children  in  a  prospective  manner.
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pregnancy  was  shown   to  be  at   least  as  harmful  as  maternal   smoking  during   the  prenatal  
period.  Besides  the  fact  that  cessation  of  smoking  decreases  the  risk  of  low-­‐‑birth-­‐‑weight  and  
SGA   infants   (Bickerstaff  et  al.   2012,  Flower  et  al.   2013),  our   study  showed  how  beneficial  
quitting   smoking   might   be   to   the   child’s   future   respiratory   heath.   The   risk   of   asthma  
seemed   to   diminish   by   almost   50%  when   both   parents   quit   smoking.      Furthermore,   the  
harmful  effect  of  maternal  smoking  was  also  seen  in  Study  II,  where  maternal  smoking  was  
as  equal  a  risk  factor  of  the  development  of  asthma  as  the  mode  of  delivery.  Our  findings  
should  encourage  healthcare  professionals   to   support  and  guide  not  only   the  mother  but  
both   parents   as   regards   smoking   cessation   during   early   pregnancy   and   to   inform   both  
parents  about  the  harmful  effect  of  smoking  on  their  offspring’s  health  to  reduce  the  risk  of  
childhood   asthma   and   other   adverse   outcomes.   Furthermore,   by   also   giving   information  
and   guidance   to   fathers,   they   might   better   take   part   in   the   forthcoming   birth   and   take  
responsibility  for  the  future  health  of  their  offspring.  
The  prevalence  of   childhood  asthma  was  nearly  equally   frequent   in  different  maternal  
socioeconomic  groups,  thus  reflecting  the  fact  that  Finnish  public  health  policy  still  seems  
to   offer   equal   quality   services   to   citizens   independently   of   family   income   (Metsälä   et   al.  
2014).  We  did  not  manage   to   show   that   evident   differences   in  well-­‐‑known  maternal   risk  
factors   of   children´s   asthma   between   different   SES   classes   were   related   to   the   later  
development  of  asthma  among  offspring.  The  nature  of  adverse  forms  of  prenatal  exposure  
in  different  SES  groups  was  similar  to  that  reported  earlier  globally.  These  adverse  factors  
in   lower  SES  groups  might  partly  be  a  result  of  differences   in  health  behavior  and  use  of  
healthcare  services  during  pregnancy.    
Our  study  showed  indirectly  that  Finnish  health  services  are  among  the  best  in  Europe,  
in  accordance  with  a  report  by  Gissler  and  associates  (Gissler  et  al.  2009),  but  there  is  still  
something   to   improve.  The   study  gave  new   insight   into   the   importance  of  maternal  pre-­‐‑
conceptional  health,  maternal  lifestyle  during  pregnancy,  and  delivery  options  with  regard  
to  long-­‐‑term  development  of  asthma  in  offspring.  A  healthy  intrauterine  life  is  fraught  with  
several  obstacles  and  many  of  these  factors  might  be  avoided  by  counseling  parents  and  by  
identifying   perinatal   risks   in   decisions   concerning   maternal   care   and   delivery   options.  
Furthermore,  public  education  is  important  and  the  information  needs  to  be  understood  in  
order   to   avoid   long-­‐‑term   consequences   of   adverse   perinatal   and   environmental   factors  
affecting  the  morbidity  of  children.  
6.6 GENERALIZABILITY OF THE RESULTS 
The  results  of  the  study  were  in  line  with  previous  results  from  a  population  with  a  similar  
genetic  and  environmental  background  (Gissler  et  al.  2003,  Håberg  et  al.  2007,  Källen  et  al.  
2013b,  Källen  et   al.   2013c).  Thus   they  might  also  be  generalized   to   countries  with   similar  
clinical  practices   in  public  health,	  pregnancy  and  delivery   services,   such  as   free   access   to  
antenatal  and  obstetric  services  and  services  covering  almost  all  citizens.          
        Similar   increasing   trends   in   both   pediatric   asthma   and   perinatal   risk   factors   and  
outcomes   have   been   demonstrated   worldwide.   In   international   studies   it   has   been  
suspected  that  ethnic  and  racial  minorities  might  modify  national  results  (Price  et  al.  2013,  
Willis   et   al.   2014);   in  Finland   the   influence  of   such  disparities  has  only   little   significance.  
The  great  majority  of  mothers  were  Caucasian  and  thus  had  a  similar  genetic  background.  
The   standard   of   living   in   Finland   is   high   and   social   inequalities   in   perinatal   health  
outcomes  vary  according  to  the  health  indicator  (Gissler  et  al.  2009).  Social  factors  might  be  
important  when  comparing  results  with  those  in  countries  with  a  lower  standard  of  living  
and   healthcare   policies   with   a   very   prominent   private   sector   and   insurance   coverage.  
Furthermore,  with   the  general  universal   tendency   towards   increasing  maternal  age  at   the  
time   of   pregnancy   and   delivery,   pregnancy   and   obstetric   complications   will   be   more  
prevalent  both  in  Finland  and  in  other  countries  worldwide  (Sauer  2015).    
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6.7 SUGGESTIONS FOR PREVENTIVE MEASURES AND FUTURE 
RESEARCH 
These   results  are   relevant  and  of  great   interest   as   regards  promoting   the  health  of   future  
generations.  They  give  new  insight  into  the  importance  of  maternal  health  and  lifestyles  as  
well  as  delivery  options  as  regards  children’s  future  respiratory  health.  Therefore,  maternal  
forms  of  health  behavior  need  to  be  assessed  in  maternity  care.  Social  situations  and  health  
matters  before  and  during  pregnancy  affect  the  future  health  of  offspring  in  future  and  can  
increase   the   burden   of   asthma   and   other   diseases.      Parents   and   families  with   social   and  
environmental   risk   factors  may   benefit   from   social   support   and   information   on   possible  
risk  factors  concerning  the  health  of  offspring  during  childhood.  Support  and  advocation  of  
smoking   cessation   among  women   and   their   partners   is   easy,   cheap   and   useful.   Further,  
educational   work   regarding   a   healthy   lifestyle   should   be   carried   out   among   parents  
attempting  or  planning  pregnancy.  After  birth,  social  and  emotional  support   is  needed  to  
avoid  adverse  health  attitudes  and  possible  re-­‐‑uptake  of  smoking  and  other  forms  of  risky  
behavior.  Further  research  is  needed  to  replicate  all  our  results,  with  more  accurate  control  
of   pre-­‐‑   and   postnatal   confounding   factors   in   order   to   validate   the   observed   risks   and  
understand  better  how  these  associations  are  mediated.  
        Our   retrospective   register-­‐‑based   study   was   designed   to   assess   and   present   maternal  
health  and  perinatal  risk  factors  connected  to  the  prevalence  of  asthma  in  offspring  between  
1989   and   2008   in   Finland.   The   register   data   contained   comprehensive   information   on  
perinatal   factors,   but   there   was   a   lack   of   information   on   postnatal   and   early   childhood  
factors   affecting   the   prevalence   of   asthma.   In   future,   studies   are   also   needed   to   examine  
early-­‐‑life  factors  influencing  the  incidence  of  asthma  among  asthmatic  children  with  known  
perinatal   factors.   In   addition,   further   research   is   needed   to   observe   the   influence   of   both  
prenatal   and  postnatal   factors   together.  Therefore,   in   the   future,  our  aim   is   to   investigate  
associations   between   postnatal   factors   and   childhood   asthma   by   using   structured  
questionnaires  designed  to  follow  up  children  in  a  prospective  manner.  
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7 Conclusions
Maternal  diseases,  life-­‐‑style factors and  different  forms  of  exposure  (e.g.  to  pollutants) may
modify   the  antenatal intrauterine  or   early postnatal environment.  Further,   these   forms  of  
exposure may   alter   fetal   and   neonatal   development and have   persistent   effects   on   later  
health. In   the   present   study,   the   overall   prevalence   of   childhood   asthma   corresponded  
closely   to   the   expected   rate   in   Finland.   Several   prenatal   risk   factors   were   identified   as  
regards the   development   of   asthma   among   offspring.   Some   aspects   of   these   clinically  
important  risk  factors  in  multivariate  analyses  were:
• Children  born  to  mothers  with  several miscarriages,  fertility  problems  or  prolonged  
time   to   pregnancy had   significantly   higher   risks   of   asthma   during   childhood,
especially   the   children   of younger   women. Artificial   abortions   had   not   such   an  
influence   on   health   of   the   offspring. The   results gave   new   insight   into   the  
importance  of  maternal  pre-­‐‑conceptional health   as   regards   long-­‐‑term  development  
of  chronic  diseases  of  the offspring.
• The   risk  of  asthma   in  offspring   increased  with  decreasing  gestational  age.  Preterm
birth and especially  very  or  moderately  preterm  birth   exposed  offspring   to   a  high
risk  of  asthma. The  risk  also  remained  considerably increased among  children  born
early   term.   The   results   confirmed   that   continuing pregnancy   as   near   to   term as  
possible, or  even  beyond  term is advisable,  in  order  to  decrease  the  risk  of  childhood  
asthma, particularly among  pregnancies  of asthmatic  women.
• Parental  smoking,  and  especially  paternal  smoking,  had an   important  effect on  the  
risk of  asthma  in offspring and  paternal  cessation  of  smoking  during  pregnancy  was  
associated   with   a   decreased   risk   of   childhood   asthma   regardless   of   maternal  
smoking. The   results indicate   that both   parents   should   be   encouraged   to   quit  
smoking  during  pregnancy,  since  it is  a  relatively  easy  and  cheap  way  to  reduce  the  
risk  of  asthma  in  offspring.
• A  direct  association  between  maternal  SES  and  childhood  asthma  was  not  found  in  
this birth   cohort   study.  However,   SES   indirectly   seemed   to   be   associated with   the  
development of   childhood   asthma   via   adverse   forms   of   prenatal   exposure which  
were  clearly related  to  maternal  SES. Finnish  public  health  services  appeared  to  offer  
equal-­‐‑quality   services   regardless of   SES,   but   potential   inequalities   should   be  
examined  in  public  health  and  other  public  services to  ensure  equal  opportunity  of  
use.
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7  Conclusions  
Maternal  diseases,  life-­‐‑style  factors  and  different  forms  of  exposure  (e.g.  to  pollutants)  may  
modify   the  antenatal   intrauterine  or   early  postnatal   environment.  Further,   these   forms  of  
exposure   may   alter   fetal   and   neonatal   development   and   have   persistent   effects   on   later  
health.   In   the   present   study,   the   overall   prevalence   of   childhood   asthma   corresponded  
closely   to   the   expected   rate   in   Finland.   Several   prenatal   risk   factors   were   identified   as  
regards   the   development   of   asthma   among   offspring.   Some   aspects   of   these   clinically  
important  risk  factors  in  multivariate  analyses  were:  
          
• Children  born  to  mothers  with  several  miscarriages,  fertility  problems  or  prolonged  
time   to   pregnancy   had   significantly   higher   risks   of   asthma   during   childhood,  
especially   the   children   of   younger   women.   Artificial   abortions   had   not   such   an  
influence   on   health   of   the   offspring.   The   results   gave   new   insight   into   the  
importance  of  maternal  pre-­‐‑conceptional  health   as   regards   long-­‐‑term  development  
of  chronic  diseases  of  the  offspring.      
  
• The   risk  of  asthma   in  offspring   increased  with  decreasing  gestational  age.  Preterm  
birth   and   especially  very  or  moderately  preterm  birth   exposed  offspring   to   a  high  
risk  of  asthma.  The  risk  also  remained  considerably  increased  among  children  born  
early   term.   The   results   confirmed   that   continuing   pregnancy   as   near   to   term   as  
possible,  or  even  beyond  term  is  advisable,  in  order  to  decrease  the  risk  of  childhood  
asthma,  particularly  among  pregnancies  of  asthmatic  women.  
    
• Parental  smoking,  and  especially  paternal  smoking,  had  an   important  effect  on   the  
risk  of  asthma  in  offspring  and  paternal  cessation  of  smoking  during  pregnancy  was  
associated   with   a   decreased   risk   of   childhood   asthma   regardless   of   maternal  
smoking.   The   results   indicate   that   both   parents   should   be   encouraged   to   quit  
smoking  during  pregnancy,  since  it  is  a  relatively  easy  and  cheap  way  to  reduce  the  
risk  of  asthma  in  offspring.  
  
• A  direct  association  between  maternal  SES  and  childhood  asthma  was  not  found  in  
this   birth   cohort   study.  However,   SES   indirectly   seemed   to   be   associated  with   the  
development   of   childhood   asthma   via   adverse   forms   of   prenatal   exposure   which  
were  clearly  related  to  maternal  SES.  Finnish  public  health  services  appeared  to  offer  
equal-­‐‑quality   services   regardless   of   SES,   but   potential   inequalities   should   be  
examined  in  public  health  and  other  public  services  to  ensure  equal  opportunity  of  
use.    
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